





SUPPLEMENTARY BENEFITS 
CLAIMED FOR FORTRAL 


WITH DIAZEPAM 


“Satisfactory operating conditions were achieved in 98% of the 
patients. No severe adverse EE ER or side effects were recorded” 
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ase of induction and mai eege were noteworthy...with minimal 
side effects dun ue anaesthesia and in the post-operative period” 


D e 


WITH DROPERIDO!. 


«smooth induction...stable cardiovascular state during surgery, 
rapid recovery from anaesthesia...minimal incidence of nausea 
and vomiting’ 
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..the addition of [Fortral] produced much smoother and more easily 
controlled anaesthesia? 

.[Fortral] is ideally suited to supplement ary anaesthetic analgesia, 
being free uom IK ome AA P COOR, 
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. SAINT JOHN REGIONAL 
HOSPITAL 
SAINT JOHN, NEW 
BRUNSWICK, CANADA 
ANAESTHETISTS WANTED 


The Saint John Regional Hospital, a 
teaching hospital of the Faculty of 
Medicine, Dalhousie University, is 
inviting applications from specialists for 
positions as staff anaesthetists in the 
Department of Anaesthesia. 

A new 700-bed hospital with capacity to 
expand to 800 plus is presently under 
construction to replace the present 
Regional Hospital in 1982, 

The hospital is integrated with 
Dalhousie University for Resident, 
Interne, and Clinical Clerk training. Staff 
anaesthetists will be considered for 
appropriate rank tp the Faculty of 
Medicine, Dalhousie University, 

* These positions are full-time salaried 
and carry the usual range of fringe 
benefits, pension, life insurance, paid 
vacation and sick leave. Salary $64,800. 


pa. Aid with relocation expenses 
available. Licensure to practice 


anaesthesia in the hospital can be 
arranged. 

Saint John is a major sea-port on the 
Atlantio Coast, and the residential 
environs are most attractive with a full 
range of educational (including 
University) and recreational facilities — 
golf, curling, skiing, sailing, tennis, etc. 

Applications with curriculum vitae 
should be sent to: 


Dr. J. A. Caskey 
Director of Medical Services 
Saint John Regional Hospital 
P. O. Box 2100 
Saint John, New Brunswick 
CANADA 
E2L 4L2 























ANESTHESIOLOGY 
REVIEW contributes to 


the continued clinical education 
of anesthesia practitioners. 


ANESTHESIOLOGY 
REVIEW, publisned monthly, 


presents original articles, current 
information on important clinical 
developments, case reports, 
symposia, book reviews, and 
abstracts from the world’s 
literature. 


ANESTHESIOLOGY 
REVIEW helps anesthesiolo- 


gists in their day-to-day practice. 








VOLUME t 
NUMBER i 














Subscription, $32.50 p.a. Foreign, 
$18.50 p.a. United States. 
Send orders to: 


ANESTHESIOLOGY 
REVIEW 


275 Madison Avenue 
New York, N. Y. 10016 
USA. 











THE HOWORTH ACTIVE SCAVENGING SYSTEM FOR 
ANAESTHETIC GAS POLLUTION 


This is an active system designed specifically to reduce air pollution by anaesthetic gases to 
well below the maximum levels recommended by N.1.0.S.H. in the U.S.A. and by the British 
Association of Anaesthetists in the U.K. The system complies with the principles of DHHS. 
Circular HC(76)38. 















































SYSTEM CHARACTERISTICS 
High Volume, Low Pressure 


The high volume ensures high dilution of gases and all moisture, thus avoiding explosion risk 
and any condensation within the ducts. " 
No excessive or dangerous suction pressure can be exerted on the anaesthetic machine 


circuits. S 
There is no imbalance of pressure if only one extract point is being used on a multipoint 

system. i 

Versatility of Function r . 


This system is applicable to any anaesthetic circuit and any type of ventilator and will cope, 
with extracts from induction rooms, operating rooms and also to exhaust the patient's exhaled 
breath in recovery rooms with special attachments for dental units and the new Howorth-Great 
Ormond Street paediatric unit. 


Break Point Connections T 
These are designed to limit the suction pressure on the machine circuits to the required and 
recommended limit of 0.5 cm/H;O. 
They cannot be occluded accidentally. 
They are compatible with 18 mm, 22 mm or 30 mm extract hose and they are capable oi 
~exhausting peak flows of up to 300 litres per minute. 
Versatility of Layout Design 
The system can be adapted to scavenge simultaneously, for example, four anaesthetic 
machine points, or three or four recovery room points, or combinations of machine and recovery 
room points. 
Each extract point is fitted with a self-closing valve which enables alternative extract points to 
be installed on the same fan system. 
Inbuilt Safety Factors 
A failure light on the control and indicating panels is activated by an air flow sensor fitted tà 
the fan. 
The fan motor is outside the air stream, and the fan blades are of non-ferrous material. 
Should the fan motor fail, the system can still operate, as a temporary measure, as @ passive 
&ystem without adversely affecting the anaesthetic circuits. 
Typical Test Results 
Hospital 'A' 
Operating Theatre—no scavenging: 600-1000 ppm N,O 
passive system: 230-300 ppm N,O 
Howorth system: 0-3 ppm N,O 
Comment: The 3 ppm were traced to leaks in the anaesthetic circuitry. 
Hospital 'B' 
Operating Theatre—no scavenging: 800-1000 ppm N,O 
Howorth system: 0-6 ppm N,O 


Comment: The 6 ppm were traced to a leaking cuff on the endotracheal tube. 









Protected by registered design and patents 


HOWORTH SURGICAIR 


Lorne Street, Farnworth, Bolton. Tel: 0204-71131 Telex: 635242 
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er gives physiologic data 
f Servo Ventilator treatment. 


A new technique makes it possible to measure the CO» concentra- 
tion in the expiratory gases of the patient, continually and without 
delay, by using the CO; Analyzer 930. As the CO; concentration is an 
indication of the arterial CO, tension (PaCO;), it is possible, by using 
the CO, Analyzer, to reduce the number of time demanding and 
costly blood gas analyses 

The CO; Analyzer also measures the CO? production of the patient 
and gives an indication of his alveolar ventilation. This makes it 
possible to optimize the ventilator setting, and to make continual 
diagnoses of the changes in respiration and circulation 

For further information 
contact your local Servo Ventilator distributor or write directly t 


SEIEMENS-ELEMA, Siemens Limited, Medica! Group 
Electromedical Division, Siemens House, Windmill Road 
nas Sunbury-on-Thames, Middlesex 
e Alarm Unit 920 TW16 7HS, Telephone 
m 0327)85691. For countries 
outside Great Britain 
Siemens-Elema AB 
Ventilator 


Monitoring Unit 910 d 
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. GUIDE TO CONTRIBUTORS 


The purpose of the British Journal of Anaesthesia 
is the publication of original work in all branches 
of anaesthesia, including the application of basic 
Sciences. T'wo issues each year deal mainly with 
material of postgraduate educational value. 


* 


D PAPERS 


Papers submitted must not have been published in 
whole or ir part in any other journal, and are 
“¿subject to editorial revision. It is a condition of 
acceptance for publication that copyright becomes 
vested in the journal and permission to republish 
must be obtained from the publishers. 
Papers based on clinical investigation should 
— $€onform to ethical standards as set out in the 
- Declaration of Helsinki. In the case of animal 
«¿studies it is the responsibility of the author to 
satisfy the Board that no urinecessary suffering has 
been inflicted. 






- LEGAL CONSIDERATIONS 


Authors should avoid the use of names, initials and 
hospital numbers which might lead to recognition 
of a patient. A patient must not be recognizable in 
photographs unless written consent of the subject 
has been obtained. A table or illustration that has 
been published elsewhere should be accompanied 
— by a statement that permission for reproduction 
has been obtained from the author and publishers. 


PREPARATION OF MANUSCRIPT 


¿Two copies of each manuscript should be submit- 

¿ted and should indicate the title of the paper, the 

= name(s), qualifications and full addresses) of the 

author(s), and be in double-spaced typing on one 

side only of the paper, with a wide margin. 

57 Contributors should retain a copy in order to 
"check proofs and in case of loss. 

Manuscripts should be accompanied by a formal 
letter of request for publication which should be 
signed by all of the authors. 

Papers in recent issues of the British Journal of 
Anaesthesia should be consulted for general and 
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detailed presentation. They are most often sub- 
divided into: 
Title page 
Summary 
Introduction (not headed) 
Methods 
Results 
Discussion 
Acknowledgements 
List of references 
Tables 
Illustrations 


Title page 

There should be a separate title page, including 
the name(s), degrees and address(es) of author(s). 
It should be made clear which address relates to 
which author. Authors’ present addresses differing 
from those at which the work was carried out, or 
special instructions concerning the address for 
correspondence, should be given as a footnote on 
the title page and referenced at the appropriate 
place in the author list by superscript symbols. If 
the address to which proofs should be sent is not 
that of the first-mentioned author, clear instruc- 
tions should be given in a covering note and not on 
the title page. The title page should be paginated as 
page 1 of the paper. 

A short running title containing not more than 
50 characters and spaces should also be suggested. 


Summary 

The summary will be printed at the beginning of 
the paper. It should be on a separate sheet, in the 
form of a single paragraph which gives a succinct 
account of the problem, the methods, results and 
conclusions, and normally should be of 50-150 
words. It may be used as it stands by abstracting 
journals. 


Introduction . 

The introduction should give a concise account 
of the background of the problem and the object of 
the investigation. Previous work should be quoted 
only if it has a direct bearing on the present 
problem. 


EAST OF OXFORD 


JS a name known 
throughout the world 

‘for advanced and reliable 
electro-mechanical 
anaesthetic apparatus. 


East-Freeman Mk.2 Ventilator 


Suitable for long or short-term use in ward or intensive 
care units — or in the operating theatre for controlled 
assisted ventilation with anaesthetic gases 











Sheffield Infant 
Ventilator Mk. 4 


For anaesthesia or long-term ventilation of infant 
to the age of three, the Mk. 4 unit is time-cycled 
volume-controlled and pressure-lirnited with 

range of respiratory rates 


The East-Radcliffe i 
Mk. 5 Ventilator 


The latest model in a well-proven series — reliable and 
simple to operate. Autoclavable patient circuitry Variable 
respiration rate. The unit may be used as a time-cycled 
pressure generator or as a volume-limited ventilator 


East-Radcliffe Respirator 

A highly compact theatre trolley unit which can supi y 
anaesthetic gases by hand or automatically. The unit v 
also function as a ward ventilator 












The East Ventilarm Pressure 
Monitor/Alarm System 


HM 
The East Ventilarm provides maximum protect 
patient connected to a lung ventilator and is activated 
by any change in the pressure pattern 
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Hyperthermia Unit 

This controlled water temperature unit will supply 2 
warm or cool water to a blanket within the 4°C to 40°C J — 

range. Readily portable, quiet, corrosion proof and 
reliable. 


Humidifier Unit 
East's blower-assisted humidifier unit provides a H.G. EAST & COMPANY LTD. 


steady stream of warm, saturated air or oxygen for P 
spontaneously breathing patients using tracheostomy ee ene Zeg Cabin ERE iy i 


boxes. * A subsidiary of British Syphon Industries Ltd 
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Methads 
Methods must be described in sufficient detail 
to allow the experiments to be interpreted and 
- repeated by the reader. Any modification of pre- 
: viously published methods should be described 
. and the reference given. If the methods are com- 
monly used, only a reference to the original source 
is required. 


Drugs 

When a drug is first mentioned it should be 
given the generic or official name, followed in 
. parentheses by the chemical formula only if the 
structure isnot well known, and by the capitalized 
^ proprietary name. 


» Results 
Description of experimental results, while con- 
"eise, should permit repetition of the experiments 
` by others. Data should not be repeated unneces- 
sarily in text, tables and figures, and unwarranted 
numbers of digits should be avoided. Significance 
: “should be given as values of probability. The 
desired positions of tables and figures may be 
` indicated by written instructions enclosed within 
_ lines and brackets, for example: 


(TABLE III near here) 


Discussion 

The discussion should not merely recapitulate 
the experimental results, but should present their 
interpretation against the background of existing 
© knowledge. It should include a statement of any 
. assumptions on which conclusions are based. 


< Acknowledgements 

Acknowledgements will be printed in small 
“type. They should be brief, and should include 

reference to sources of support and sources of 

drugs not freely available commercially. 


References 

There should be a table of references at the 
conclusion of the paper. These references should 
be arranged according to the Harvard system and 
in alphabetical order” In the text, the year of 
publication must follow the author's name, more 
than one paper in any year being indicated by a 
xu 


small letter (a, b, c,) after the date. In the re- 
ferences, the order should be author's name, 
followed by initials; year of publication in par- 
entheses; title of paper to which reference is made; 


“title of publication underlined with a single line (to 


indicate italics} and abbreviated in accordance 
with Cumulative Index Medicus; volume number 
in arabic numerals, underlined with a wavy line (to 
indicate bold face); the number of the first page in 
arabic numbers; thus Clarke, M., Evans, D. W., 
and Milstein, B. B. (1971). Long-term pacing with 
an inductive coupling system. Br. Heart J., 33, 65. 

In the case of books, the reference should be as 
follows: name of author and initials; year of 
publication in parentheses; title of book, under- 
lined; number of edition; page number; town of 
origin, publisher; for example: Hill, D. W. (1971). 
Physics Applied to Anaesthesia, 2nd edn; p. 212. 
London: Butterworths. 

The British Journal of Anaesthesia should be 
referred to as Br. J. Anaesth. 

In the text up to three authors should be named 
before the use of “. . . et al.". If reference is made 
to several publications during a particular year, 
written by a larger group of authors who have 
alternated the order of authorship, as many names 
must be written as are necessary to distinguish 
between the publications, before use of"... et al." 
in conjuction with the year suffixes a, b, c. 

Text references to “unpublished observations" 
or "personal communications" should not be 
included in the final list of references. Authors are 
responsible for verifying that the wording of 
references to unpublished work is approved by the 
persons concerned. Papers which have been sub- 
mitted and accepted for publication should be 
included in the list, the phrase “(in press)” replac- 
ing volume and page number. 

It is essential that authors verify the content and: 
details of references which they list, as this res- 
ponsibility cannot be accepted by either Editors or 
Publishers. 


Tables 

All tables should be on separate sheets and be 
capable, with their captions, of interpretation 
without reference to the text. They should be 
numbered consecutively with roman numerals. 
Units in which results are expressed should be 
given in brackets at the top of each column, and not 
repeated on each line of the table. Ditto signs are 
not used. 


Balanced anaesthesia? 


Analgesia can often be the least 
considered component of anaesthesia. 

Sublimaze* (fentanyl) offers rapid 
onset of action, a wide safety margin 
and predictable duration of effect from 
a single injection - providing profound 
analgesia both during and after surgery. 

Sleep, muscle relaxation and 
analgesia - the cornerstones of 
balanced anaesthesia. 

TRADEMARK 


SUBLIMA ZE 


fentanyl 


the versatile analgesic. 


PRESCRIBING INFORMATION 

Uses Low doses for analgesia in short 
surgical procedures. Higher doses as 
analgesic/respiratory depressant with 
assisted ventilation. With a neuroleptic, in 
neuroleptanalgesia. 


Dosage and Administration Sublimaze* 


by the intravenous route may be admin- 
istered to adults and children as follows:- 
Spontaneous respiration: adults: 
50-200ug then 50ug as required. Children: 
3-5pg/kg then 1pg/kg as required. 
Assisted ventilation: adults: 300-3500ug 
then 100-200ug as required. Children: 
15-50ug/kg then 1-3yg/kg as required. 
Doses over 200ug are for use only in 
anaesthesia. As a premedicant, 50-1004g 
Sublimaze* may be given intramuscularly 
45 minutes before induction of 
anaesthesia 


Contra-indications Respiratory 
depression; obstructive airways disease. 
Concurrent administration with MAOIs or 
within 2 weeks of discontinuation of them. 
Warnings A transient fall in blood 
pressure may occur after i.v. administra 
tion of Sublimaze* . 

Side offects/Overdosage Doses ovr 
200ug cause significant respiratory 
depression; reversed by naloxone 
0.1-0.2mg. Bradycardia may be antagon- 
ised by atropine; muscular rigidity by 
muscle relaxants. An additive effect may 
be seen with concomitant use of other 
narcotics or CNS depressant drugs. 
Nausea, vomiting, tolerance and depen 
dence may occur. 

Precautions Myasthenia gravis. Reduce 
dosage in the elderly, hypothyroidism and 
chronic hepatic disease. Use in labour may 


cause respuatory depression in the neonate 
Pregnancy Little homan evidence, no 
adverse animal effects 

Legal category POM MDA 

PL No. 0242/5001 R 

Package quantities Sublerwre® :s 
supplied in 2 mi or 10 mi ampoules in 
packs of 10. Each mi contains 0.06mg 
fentanyl 

Basic NHS cost 2 mi x 10 £4.13 

10 mi x 10 £17.03 


*Sublimaze is a registered trademark 


For further information contact 
Anaesthetists Information Service 
Janssen Pharmaceutical Limited. 
Janssen House 

Chapel Street, 

Marlow, 

Bucks 
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Hlustrations 
Photographs should be unmounted glossy 
prints, and should be protected adequately for 
mailing. Surfaces should not be marred with clips, 
- pins or by heavy Writing on the back. Drawings, 
‘charts and graphs should be in black india ink on 
white paper. IHlustrations should be clearly num- 
-bered on the back, preferably in soft pencil, with 
— reference to the text, and using arabic numerals. 
“They should be accompanied on a separate sheet 
"bw a suitable legend. Lettering should be 
-professional-looking, uniform, preferably in a 
< common typeface, large enough to read at a 
reduced sizè, and in proportion to the illustrated 
© material. Lines in the original must also be thick 
. enough to allow for reduction. Magnifications, 
` especially in photomicrographs, should be in- 
` dicated by a scale on the photograph itself, in order 
|. to remain appropriate after reduction. Symbols 
which are to appear in the legend should be chosen 
5; from the following available types: 


e O BR UO v V A A 
ore © © 09 o EE E x + 


The name of the author dnd title of the paper 

: should also be written in soft pencil on the back of 
illustrations. 

` Lis emphasized that care taken in the original 
preparation of figures will obviate the time- 

. consuming and expensive necessity of their 
revision. 


General information 

Instructions to the printer. Words to be printed in 

“«lower-case italics should be indicated by one 

- underline. Two underlines indicate small capitals, 

< three indicate large capitals and four, italic 

` capitals. A wavy underline indicates a word to be 
printed in bold type. 

< > Headings in the text. Six possible grades are 

: available: 


1. PART I (capitals) 
i RESULTS (small capitals) 
3. Blood-gas analysis — (l.c. roman) 


xiv 


4. The action of drugs(italics, centre) 
5. Lung function studies (italics, full out) 
6. Volume. Large volumes. . (italics, indent) 


Symbols and Abbreviations. In accordance with 
Editorial adoption of SI Units, abbreviations and 
symbols should follow the conventions described 
in the booklet “Units, Symbols and Abbrev- 
iations. A Guide for Biological and Medical 
Editors and Authors” (ed. G. Ellis), published by 
and available from The Royal Society of Medicine, 
1 Wimpole Street, London, W1M 8AE. Words for 
which abbreviations are not included should be 
written in full at first mention in the summary and 
again in the text and followed by the abbreviation 
in brackets. This will usually be in the form of 
large capitals without separating points. 

Spelling, etc. British spelling should be used 
with "z" rather than “s” spelling in, e.g. organize, 
GEES 


CORRESPONDENCE 


It is proposed that a proportion of the Journal be 
devoted to correspondence each month. Every 
effort will be made to ensure that correspondence 
arising from papers in a recent issue is published 
without delay, and for this reason, relevant 
correspondence will be given priority over that 
pertaining to original research. Authors of cor- 
respondence concerning original work will receive 
proofs at the Editor's discretion. 


PROOFS 


These should be corrected and returned to the 
sub-editor within 48 hours of receipt. Overseas 
contributors should return their proofs by airmail. 


REPRINTS 


Twenty-five reprints of articles will be dispatched 
to the authors after publication. Further reprints 
can be supplied if application is made on the order 
form attached to the proofs. The order form 
should be returned with the proofs. 

























"Althesin appears to be an excellent induction 
agent.” 

Althesin provides a s and pleasant recovery 
with a low incidence of hangover.! 
i Patient acceptance is high and the incidence 
V of nausea and vomiting is low.? 

| "Patients from morning lists are quite 

h able to have a full lunch, which they 


could not have done with any 
barbiturate.’ 


$ 1. Canadian Anaesthetic Society Journal 
(1975) 5,601 


43, 947 
suppl (1972) 48, 111 


Glaxo Laboratories Limited 
Greentord, Middlesex 
UB6 OHE 


Althesin is a Glaxo 
trade mark 


! i$ insufficient a'qresen: to advocate 
of Athesin n infante undar one year. im 
. adiac wi ie m aen andipr æ» 
tenance of shar esa in obstetrics 
Dosage and 


2. British Journal of Anaesthesia (1971) 
Journal (June 








pat poe neo thee points should. — 
fast before recerving Althesn y 
The usual intravenous dose ot Althesin for both 
children and adults s between 0 C5mi and 
0-075mi per kilogram bodyweight. ` o Jali to 
three-quarters of a millilitre per 10% 
Younger children usually require ine higher dose 
SES need 0 075mlikg body Althesin 
injected slowly, Taking nc than 30 
M as this promotes smooth duction 
Althesin has negligible analgesic activity 


Contra-indications 
tical niet reactions to Althe sin 
Hepatic failur 





|a hen 
H serious respiratory depression occurs, 


should 
argh ey seni Ue ou, t 
times the minimum sleep , has Le 9 
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St. Boniface General Hospital, an 800-bed teaching hospital 
affiliated with The University of Manitoba, requires a certified (or 
eligible) anaesthetist interested in tertiary care level of service. 
"Cardiovascular, neurosurgical, and obstetrical anesthesia are prom- 
inent features. 

Opportunities for research and teaching are available. Attractive 
income, call schedule, and vacation time offered. Please send quatifi- 
cations and curriculum vitae to: 


Dr. J. D. Culligan 

Head 

Department of Anaesthesia 
St. Boniface General Hospital 
409 Tache Avenue 

Winnipeg, Manitoba R2H 2A6 
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EDITORIAL 


ANAESTHESIA, AWARENESS AND AUTOMATION 


Forty-four years have elapsed since Gibbs, Gibbs 
and Lennox (1937) suggested that the then re- 
cently discovered technique of electroencephalo- 
graphy might be usefully applied during anaes- 
thesia. During this time the effect of anaesthetic 
agents on the electrical activity of nervous tissue 
both in bulk and in the single cell have been 
extensively studied and faithfully recorded; we are 
edging closer to a full understanding of the mech- 
anism of anaesthesia and as a research tool in these 
studies electroencephalography (e.e.g.) has played 
a major role. T'he changes in the e.e.g. during both 
inhalation and i.v. anaesthesia have been defined 
(for example Courtin, Bickford and Faulconer, 
1950) but the usefulness of the e.e.g. as a monitor 
of the depth of anaesthesia has been limited by the 
cost of the apparatus and the complexity of the 
information output necessitating expert interpre- 
tation. In the last review in this journal of the 
methods available for the measurement of the 
depth of anaesthesia (Robson, 1969) it was con- 
cluded that “there is as yet no practical means of 
measurement of the depth of anaesthesia within 
the range required today". In the subsequent 
decade many studies have been made of methods 
of processing the e.e.g. to present the anaesthetist 
with the two pieces of information he requires. Is 
the patient unaware of his surroundings? Is the 
level of anaesthesia sufficient to enable surgery to 
take place? 

During anaesthesia with volatile agents and 
spontaneous breathing the. signs of Snow and 
Guedel remain pre-eminent in answering the two 
questions; e.e.g. monitoring for this purpose 1s 
gilding the lily. The use of muscle relaxants, 
however, may afford acceptable operating con- 


ditions while obtunding the classical signs of 
anaesthesia. Awareness has become a very real risk 
and receives increasing attention in the lay and 
medical press (Leading article, 1976, 1978); a legal 
test case is surely not far away. The addition of a 
suitable concentration of an inhalation agent to the 
inspired gases during controlled ventilation under 
muscle relaxation assures an amnesic state, at least. 
However, the increasing demand for pollution- 
free techniques, the attractions of total i.v. tech- 
niques and the unique requirements of obstetric’ 
anaesthesia are reasons for a move away from 
inhalation agents which, in any case, would pé 
unnecessary if a reliable index of depth of anaes- 
thesia existed. Most techniques of anaesthesia 
allow warning to the anaesthetist of a dangerously 
deep level of anaesthesia (corresponding to burst 
suppression and increasing electrical silence on 
e.e.g.); a simple, reliable and objective index of 
dangerously light anaesthesia remains elusive. 
Two main types of recording of the electrical 
activity of the brain with scalp electrodes have 
been made in an attempt to define an index of 
anaesthesia: sensory evoked potentials and a pro- 
cessed form of the e.e.g. Evoked cortical and brain 
stem potentials offer the attraction of being easily 
obtained, recorded and analysed. The changes in 
amplitude and configuration caused by anaesthetic 
agents are well documented in both experimental 
animals and man (Angel, Berndge and Unwin, 
1973); encouraging dose-response curves of para- 
meters of the evoked response (e.g. normalized 
variance) against anaesthetic dose have been con- 
structed (Horvath, 1969) and correlation of 
cardiovascular reflex responses with auditory 
evoked potentials during changes in depth of 


2 EDITORIAL 


anaesthesia have been demonstrated (Linden et 
al., 1974). Despite these findings, no method of 
using changes in the latency or amplitude of 
sensory evoked responses as a reliable guide to 
depth of anaesthesia has evolved. : 

Processed derivatives of the e.e.g. have under- 
gone more promising development. The cerebral 
function monitor (Prior, 1979) has proved to be 
extremely useful in detecting global ischaemia in 
anaesthesia and intensive care. Its usefulness as an 
indicator of anaesthetic depth is limited because 
the response is not consistent between different 
anaesthetic agents, there is a need for considerable 
experience and expertise on the part of the anaes- 
thetist in the analysis of the data output and, as it 
relies for simplicity on a composite of the fre- 
quency and amplitude of the electrical activity 
between a single pair of electrodes, its ability to 
detect the subtle electrical changes (if they exist) 
between oblivion and awareness must be in doubt. 

Other forms of e.e.g. processing appear to offer 
more encouraging results and form the basis of a 
recent review (Levy et al., 1980). Power-spectrum 
amalysis forms an attractive method, retaining 
most of the information contained in the original 
.e.e.g. Berezowskyj and others (1976), for example, 
claim &n accurate estimation of the level of anaes- 
thesia in 55-80% of their cases. Period-amplitude 
analysis (Davis and Klein, 1977) has also been used 
as an intraoperative monitoring aid, but remains 
experimental. An anterior shift of the dominant 
e.e.g. rhythm during anaesthesia was demon- 
strated by Tinker, Sharborough and Michenfelder 
(1977) in monkeys at a consistent proportion of 
MAC for each anaesthetic tested; these authors 
speculate that this e.e.g. change may signal loss of 
awareness and suggest that sustained anterior 
e.e.g. amplitude dominance may provide assur- 
ance of loss of awareness during anaesthesia. 

All methods of e.e.g. processing have the dis- 
advantage of expense (if commercially available) 
and of presenting data that are incomprehensible to 
the anaesthetist untrained in e.e.g. methods. This 
second problem ceases to exist if the anaesthetist is 
withdrawn from the feedback loop. 

With our improved knowledge of pharmaco- 
kinetics (Allott, Steward and Mapleson, 1976) the 
time is surely near when the loop of servo- 
anaesthesia may be closed, with the partial or total 
exclusion of the anaesthetist from the regulatory 
process. Bickford (1950) and others described 
methods of servo-ànaesthesia of the closed-loop 


type relying on the attainment of a threshold 
energy level of cerebral activity causing a predeter- 
mined quantity of anaesthetic to be delivered. Less 
rigid, adaptive techniques have been suggested 
subsequently which offer the anaesthetist advice 
which may be accepted or rejected (Chilcoat, 
1973). In these examples interpretation of complex 
data ceases tc be a problem. 

One further method of detecting wakefulness 
during general anaesthesia has been devised which 
does not rely on the monitoring of electrical 
potentials. Tunstall (1977) described the isolated 
forearm technique in which evidence of awareness 
is provided by signals from the patient’s hand 
spared from neuromuscular blockade by occlusion 
with a pneumatic tourniquet. For the first time it 
may now be possible to compare electro- 
physiological methods of gauging depth of anaes- 
thesia with an objective confirmation of wakeful- 
ness. 

David Saunders 
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ERRATUM 
EFFECTS OF ENFLURÁNE ON CARDIOVASCULAR FUNCTION 
(Br. $. Anaesth., 52, 1087) 


Bü Throughout the text of this paper, and in figure 3, the index of myocardial 
contractility, dp/dz IIP, should have been expressed as a ratio, dp/dr: TIP. 
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ANAESTHETIC REQUIREMENT IN MICE SELECTIVELY BRED FOR 
DIFFERENCES IN ETHANOL SENSITIVITY 


D. D. KoBLIN AND J. E. DEADY 


SUMMARY 


Anaesthetic requirements for mtrous oxide, enflurane and isoflurane were determined in mice selectively 
bred for their susceptibility (“long-sleep”” mice) or resistance (““short-sleep” mice) to alcohol. Nitrous 
oxide and enflurane requirements, measured by the rolling-response test, were 34 and 20% greater, 
respectively, in short-sleep mice than ın long-sleep mice. Although isoflurane requirement was 39% 
greater when measured by the tail-clamp test, it was not significantly different when measured by the 
rolling-response test. The greater angesthenc requirement for short-sleep mice was not associated with a 
different synapuc membrane phospholipid, fatty acid or cholesterol composition. 


Through selective breeding, two lines of mice 
were produced: “long-sleep” and “short-sleep” 
mice, which differ in their ethanol-induced sleep 
times (McClearn and Kakihana, 1973). Short- 
sleep mice are more resistant to the hypnotic effect 
of alcohol. We determined whether this resistance 
to alcohol was associated with a greater require- 
ment for general anaesthesia. We also determined 
whether any such cross-tolerance was associated 
with alterations in neuronal membrane lipid com- 
position. Such an association might be anticipated 
because of the following: the excellent correlation 
between lipid solubility and anaesthetic potency 
(Eger et al., 1969; Miller et al., 1972); the sug- 
gested role of membrane lipids in controlling 
neuronal transmission (Trudell, 1977); the in- 
fluence of lipid composition on the ability of 
general anaesthetics to perturb membranes (Miller 
and Pang, 1976; Pang and Miller, 1978). 


METHODS 


We studied female long-sleep (LS) and short-sleep 
(SS) mice selectively bred by the Institute for 
Behavioral Genetics, University of Colorado at 
Boulder, for their differences in ethanol-induced 
sleep time. 

Nitrous oxide ED;, (the dose of nitrous oxide 
required to abolish the righting reflex in 50% of 
mice) was measured in a 20-litre hyperbaric cham- 
ber (Halsey et al., 1975). For each determination, 
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as many as eight unrestrained mice were placed in 
individual wire mesh cages which could be rotated 
at 4 rev min” ' in the hyperbaric chamber. In two 
additional restrained mice, rectal temperatures 
were monitored and maintained between 36.5 and 
38.0°C by adjusting the chamber temperature 
with circulating water heat exchangers. Carbon 
dioxide was removed by circulating the chamber 
gases through a soda-lime container. After the 
chamber was flushed with 100% oxygen, nitrous’ 
oxide 1.22 atm was added. Mice were tested after a 
30-min equilibration period. Animals that rolled 
over twice during five completed turns of the 
rotator were considered anaesthetized. Nitrous 
oxide was then added (usually in increments of 
0.11 atm) to the chamber, and the righting reflex 
was again determined after a 15-min equilibration 
period. The nitrous oxide concentration was in- 
creased in 0.11-atm steps until all animals failed 
the rolling-response test. The concentrations were 
then decreased in steps until all animals could 
right themselves. Oxygen pressure was main- 
tained between 0.6 and 1.0 atm. 

Rolling response ED,, for isoflurane and en- 
flurane were determined in a similar manner, 
except that a continuous flow of oxygen 
4 litre min” and controlled amounts of isoflurane 
or enflurane, delivered from a temperature- 
compensated vaporizer, passed continuously 
through the chamber during the entire experi- 
mental period. An initial 1-h equilibration at an 
approximate concentration of 0.004 atm for iso- 
flurane or 0.01 atm for epflurane was imposed 
before testing the righting reflex. Subsequent 
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measurements were taken after incremental 
changes of isoflurane 0.0005 atm or enflurane 
0.001 atm accompanied by 30min of 
equilibration. 

The anaesthetic potency of isoflurane was also 
determined by measuring the concentration of 
isoflurane required to abolish movement in re- 
sponse to a painful stimulus. Groups of eight mice 
were anaesthenzed with isoflurane in oxygen 
4 litre min^! in individual Perspex chambers. 
Rectal temperatures were monitored in each 
mouse and maintained between 36.5 and 38.0 *C. 
Animals were initially exposed to 1soflurane ap- 
proximate]y 0.015 atm for 1 h. An alligator clip 
was then applied to the tail and oscillated for 60 s, 
during which time the mouse was observed for 
movement. Isoflurane concentration was then in- 
` creased or decreased in 0.003-atm steps until the 
concentrations permitting and preventing move- 
ment were obtained for each animal. 

Anaesthetic concentrations were measured by 
gas chromatography. Anaesthetic requirement 
(ED so) was determined for each mouse by averag- 
img the anaesthetic concentrations that just ab- 
olished or just allowed the righting reflex, or that 
just prevented and permitted movement in re- 
sponse to painful stimulation. The observer was 
Jinaware of the strain of the animals when measur- 
ements were taken. ED ,, and standard error for a 
group of mice were calculated from the individual 
values, and statistical significance was calculated 
with an unpaired t test. 

Mice were 8, 16 and 19 weeks old when tested 
for the rolling-response ED;, for nitrous oxide, 
isoflurane and enflurane; they were 22 weeks old 
when examified for the tail-clamp response to 
isoflurane. Weight of the mice varied from 19 to 
30 g. Mice were killed at 31-36 weeks of age and 
the synaptic plasma membranes isolated. 
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Synaptic plasma membranes were prepared 
using a method of Jones and Matus (1974), and the 
activities of Na* +K*-ATPase and acetylcholin- 
esterase were measured in each of the brain 
subfractions (Koblin, Dong and Eger, 1979). 
Procedures for the analyses of synaptic membrane 
phospholipid, fatty acid, and cholesterol com- 
positions have been presented elsewhere in detail 


" (Koblin, Dang and Eger, 1979). 


RESULTS 


SS mice had higher anaesthetic requirements than 
the LS mice (table I). Nitrous oxide and enflurane 
requirements, as measured by the rolling-response 
test, were 34% and 20% greater in SS mice, 
respectively. Isoflurane requirement in SS mice, as 
measured by the tail-clamp procedure, was 39% 
greater. However, isoflurane requirement, as de- 
fined by the rolling-response test, was not signific- 
antly different between SS and LS mice (table I). 

Synaptic plasma membrane fatty acid com- 
positions were essentially identical in LS and SS 
mice (table II) For the phosphatidylcholine, 
phosphatidylserine and  phosphatidylethanol- 
amine fractions, fatty acid compositions for the LS 
and SS mice differed by no more than 1.0%. For 
the minor phospholipid components, sphingo- 
myelin and phosphatidylinositol, the errors in- 
volved in the fatty acid analyses were larger 
because of the limited amount of material, and the 
mean fatty acid compositions occasionally differed 
by as much as 4.8% (table II). Only the ara- 
chidonate (20: 4) content of the phosphatidyl- 
choline fraction (table II) differed significantly 
(P « 0.01) between the two groups. Since 47 com- 
parisons were made, the finding of one significant 
difference might be expected to occur by chance. 

The synaptic membrane phospholipid com- 
positions and the cholesterol/phospholipid molar 
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TABLE I. Anaesthetic potenctes of inhaled agents in long-sleep and skort-sleep mice. * Anaestheric 
potencies in long-sleep mce are sigmficantly different from short-sleep mce (P <0.001) 


Method of 
Anaesthetic testing 
Nitrous oxide Rolling-response 
Enflurane Roiling-response 
Isoflurane Rolling-response 
Isoflurane * Tal-lamp - 


n ` š 


ED, (atm) + SEM 


Long-sleep mice Short-sleep mice 
1.23 +40025* 

0.0124 +0.00019* 
0.00596 + 0.00014 0.00608 + 0.00018 
0.0118 +0 00103* 0.0164 +0.00076 


17 B 19 


1.606 +0.032 
0.0149 +0.00031 
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ratios were similar for the LS and SS mice (table 
HI)’ Phospholipid compositions varied by no 
more than 0.9%. No significant differences in 
phospholipid or cholesterol content were found. 
Acetylcholinesterase and Na* + K*-ATPase 
activities were three- to four-fold greater in the 
synaptic-plasma-membrane-enriched fraction 
than in the whole brain homogenate. Synaptic 
membrane Nat + K*-ATPase activities (at 
37°C) were 32.6+2.7 for the LS mice and 
35.5+10.2 for the SS mice (mean+SEM). 
Synaptic membrane acetylcholinesterase activities 
were 20.6 +5.2 and 26.0 +4.0 for the LS and SS 
mice, respectively. Enzyme activities are ex- 
pressed as pmol of substrate consumed per milli- 
gram of protein per hour. The enzymatic activities 
measured in brain subfractions of the SS mice did 
not differ significantly from those of the LS mice. 
Taste III. Phosphohpid | compositions and — cholesterol] 
phospholipid molar ratios of synaptic plasma membranes isolated 
from long-sleep and short-sleep mice. *Calculated as % phosphate 
composition. T Values are mean + SEM from six separate synaptic 
lasma membrane preparations from the short-sleep and five 
separate synaptic plasma membrane preparanons from the long- 
sleep mce. 1Calculated from the amount of cholesterol recovered 


and the amount of phosphate recovered in the phosphohpid 
fractions from the TLC plate 


Long-sleep Short-sleep 
. 
Sphingomyelin* 43 —05t 44 +0.5 
Phosphatidylcholine 393 2-05 39.3 +13 
Phosphatidylserine 15.7 +0.6 158 i08 
Phosphatidylinositol 39 =03 33 +03 
Phosphatidylerhanolamine 36.8 +0.9 37.7 +10 


Cholesterol/phospholipid 0.585 —0.0080 0.584 +0.0180 


molar roof 


r 


é DISCUSSION | 


The different ethanol-induced sleep-times in LS 
and SS mice are thought to result from differences 
in the central nervous system response to ethanol, 
since both lines of mice have identical rates of 
ethanol elimination and identical hepatic alcohol 
dehydrogenase and aldehyde dehydrogenase ac- 
tivities, (Heston et al., 1974). The SS mice awaken 
at greater blood alcohol concentrations (Erwin et 
al. 1976). Similarly, our experiments were con- 
ducted after almost complete equilibration and 
hence exclude pharmacokinetics or metabolism as 
explanations for the difference in anaesthetic re- 
quirements seen between the LS and the SS mice. 
Thus, the difference probably results from dif- 
ferent central nervous system sensitivities to 
anaesthetics. 
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Although our results support the hypothesis 
that the SS mice are more resistant to the effects of 
anaesthetics, there are quantitative differences that 
cannot be entirely explained. The greatest dif- 
ference (between the anaesthetic requirement for 
SS and LS mice) was seen with isoflurane using 
the tail-clamp test. The smallest difference (2%) 
was seen with isoflurane using the righting reflex. 
In part, this may have resulted from the different 
sensitivities or reflex arcs assessed by the two tests. 
However, the negative results for the righting 
reflex with isoflurane contrast with the significant 
results seen with nitrous oxide and enflurane (an 
isomer of isoflurane). We cannot explain these 
differences. 

The response of LS and SS mice to other 
depressant agents also varies.. ED, for loss of 
righting reflex following administration of meth- 
anol, butanol or t-butanol is approximately two- 
fold greater for SS than LS mice (Erwin et al., 
1976). However, the diethyl ether (Erwin et al., 
1976) or halothane (Baker, Melchior and Deitrich 
1980) ED, for loss of righting reflex are not 
significantly different. Sleep-times following 
chloral hydrate or trichloroethanol do not differ 
(Erwin et al., 1976). Pentobarbitone sleep-times 
are significantly longer in SS mice, but the pento- 
barbitone concentrations in the brain are the same 
in both strains at the time of awakening, suggesting 
equal sensitivities of the central nervous system to 
pentobarbitone (Siemens and Chan, 1976). It 
appears that the differential effect of ethanol in 
these two strains is greater than that of inhaled 
anaesthetics, since the blood ethanol concen- 
trations upon awakening in SS mice are 65% 
greater than in LS mice (Erwin et al., 1976), 
whereas the largest difference in inhaled anaes- 
thetic requirement was 39% (table I). These 
variable results suggest that the genetic selection 
which produced the LS and SS mice did not result 
in a constant central nervous system sensitivity or 
resistance to depressants. 

Despite this variability, previous experiments 
and our study suggest that differences exist in the 
brain sensitivities of LS and SS mice to both 
inhaled anaesthetics and alcohol. These differen- 
ces might arise from structural alterations in the 
brain, particularly those in neuronal membrane 
lipid composition. The excellent correlation be- 
tween lipid solubility and anaesthetic potency 
implies a hydrophobic site of action (Eger et al., 
1969; Miller et al., 1972), and is expressed by the 


ALCOHOL SENSITIVE AND RESISTANT 


low variability of the product of the anaesthetic 
ED,, for an agent and its oil-gas partition coef- 
ficient. For the rolling-response ED, in mice, this 
product is restricted to values between 0.55 (for 
isoflurane) and 2.83 for agents which vary by more 
than a 10 000-fold range of anaesthetic partial 
pressures (Kent et al., 1977; Smith et al., 1977). 
Also, both general anaesthetics (Vanderkooi et al., 
1977: MacDonald, 1978; Pang, Chang and Miller, 
1979; Rosenberg, 1979) and alcohol (Chin and 
Goldstein, 1977; Hill, 1978; Johnson et al., 1979; 
Mastrangelo et al., 1979) can perturb the lipid 
bilayer structure of phospholipid model mem- 
branes and biological membranes. A perturbation 
of membrane lipids may influence the functional 
properties of membrane proteins (Korenbrot, 
1977), and an anaesthetic-induced (or alcohol- 
induced) alteration in the physical state of nerve 
membrane lipids may interfere with transmitter 
release or ionic conductance mechanisms 
(Trudell, 1977). That is, the SS mice might 
possess a neuronal membrane lipid composition 
which could resist the perturbing properties of 
inhaled anaesthetics and alcohol. However, the 
synaptic membrane fatty acid, phospholipid and 
cholesterol compositions were essentially identical 
in the SS and LS mice (tables II and III). The only 
significant difference found was a lower arachi- 
donate (20 : 4) content in the phosphatidylcholine 
fraction of the SS animals (3.9%) compared with 
the LS mice (4.4%). Finding a significant dif- 
ference between one pair of values of the 47 pairs 
presented in table II is not surprising, and a 
decrease 1n arachidonate content was not seen in 
any of the other phospholipid fractions. It there- 
fore appears that the different susceptibilities of 
SS and LS mice to anaesthetics and alcohol cannot 
be caused by an altered synaptic plasma membrane 
lipid composition. It is possible, however, that our 
measurements are not sensitive enough to detect 
important differences in synaptic membrane lipid 
composition between the LS or SS mice. In 
addition, if the differences in anaesthetic require- 
ment and alcohol response are the result of a 
change in a small brain region, or result from an 
alteration in neuronal membranes other than syn- 
aptic membranes, the present techniques would 
not detect such a change. 

These experiments did not reveal the central 
nervous system differences that cause the different 
sensitivities of LS and SS mice to inhaled agents 
and alcohol. Possibly the two strains differ in their 
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neurotransmitter content or in their affinity to, or 
numbers of, neurotransmitter receptors.| Indeed, 
rats genetically selected for a high alcohol pre- 
ference have a higher serotonin (Ahtee and 
Eriksson, 1973) and a higher dopamine (Ahtee and 
Eriksson, 1975) content than rats selected for low 
alcohol preference. Also, an alteration in 
monoamine concentrations can influence anaes- 
thetic requirement (Johnston, Way and Miller, 
1974; Roizen et al., 1978). Whether differences in 
the neurotransmitter systems of L.S and SS mice 
can explain their altered sensitivities to inhaled 
anaesthetics and alcohol remains to be determined. 
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EXIGENCES ANESTHESIQUES DETERMINEES 
SUR DES SOURIS ELEVEES SELECTIVEMENT DE 
MANIERE A AVOIR DES DIFFERENCES DE 
SENSIBILITE A L’ETHANOL 


RESUME 


Les exigences anesthésiques requises pour le protoxyde 
d'azote, l'enflurane et 'isoflurane ont été déterminées sur des 
souris élevées sélecnvement afin d'avoir une sensibilité (souris à 
“sommeil long?) ou une résistance (souris à ““sommeil court) à 
l'alcool. Les eagences du protoxyde d'azote et de l'enflurane, 
mesurées par l'essai de reaction au tournis de la souris, ont été 
respectivement de 34% et de 20% plus grandes chez les souris à 
Somme court que chez les souris à sommeil long. Bien que les 
exigences de l'isoflurane aient été de 39% plus grandes, 
lorsqu'elles ont été mesurées par l'essa1 de pincement de la 
queue, elles moat pas été sensiblement differentes de celles 
obtenues lors de ia mesure par l'essai de reaction au tournis de la 
souris. L'exigence anesthésique la plus importante pour la 
Souris à sommeil court n'a pas été associée à un phospholipide 
différent de la membrane synaptique, à un acide gras ou à une 
composition de cholestérol. 


ANASTHESIEERFORDERNIS BEI SELEKTIV NACH 
UNTERSCHIEDEN IN ATHANOL- 
EMPFINDLICHKEIT GEZUCHTETEN MAUSEN 


ZUSAMMENFASSUNG 


Die Anasthesicerfordernisse für Stickoxyd, Enfluran und 
Isofluran wurden bei Mausen bestimmt, die selektiv auf (re 
Anfälligkeit ("Langsschlafermause") oder ihre Resistenz 
(“Kurzschlafermáuse”) auf, bezw. gegen Alkohol gezuchtet 
worden waren. Der Bedarf an Suckoxyd und Enfluran, durch 
den Rollreaknenstest gemessen, war jeweils um 34% und um 
20% grosser be Kurz- als bei Langschlafermausen.Obwohl 
der Isofluran-Bedarf bei Messung durch den Schwanz- 
klemmentest um 39% grósser war, war er 1m Rollreaktionstest 
nicht wesenthch anders. Der hóhere Anasthesiebedarf bei 
Kurzschlafermausen hing nicht mit einem verschiedenen 
synaptischen Membran-Phospholipoid, mit Fettsaure oder mit 
Cholesterolzusammensetzung zusammen. 


REQUISITOS ANESTESICOS EN EL RATON 
SELECTIVAMENTE CRIADO, EN LO TOCANTE A 
LAS DIFERENTES SENSIBILIDADES AL ETANOL 


SUMARIO 


Las necesidades anestésicas relativas al Óxido nitroso, al 
enflurano y al isoflurano se determinaron en ratones selectiva- 
mente criados para el estudio de su suscepubilidad (ratón 
de “sueño prolongado”) o resistencia (ratón de “sueño corto”) 
al alcohol. Los requisitos de óxido nitroso y de enflurano, 
medidos mediante la prueba de respuesta móvil, fueron 
superiores en un 34% y un 209^, respecuvamente, para el ratón 
de sueño corto en comparación con el de sueño prolongado. 
Aunque el requisito de 1soflurano fue un 39% superior cuando 
se midió mediante la prueba de grapa de rabo, dicho requisito 
no fue significativamente diferente cuando se midió mediante la 
prueba de respuesta móvil El mayor requisito anestésico para 
el ratón de sueño corto no vino asociado con una diferente 
composición de colesterol, de ácido adiposo m de la fosfolipina 
de la membrana sinápnca. 
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DEPRESSION OF HYPOXIC PULMONARY VASOCONSTRICTION BY 
SODIUM NITROPRUSSIDE AND 'NITROGLYCERINE 


M. D'OrivEIRA, M. K. SYKES, M. K. CHAKRARARTI, C. ORCHARD AND J. KESLIN 


SUMMARY 


The pulmonary vasoconstrictor response to the unilateral administ-ation of 7%.oxygen was studied in 10 
anaesthetized dogs in which the lungs were mechanically ventilated. The distribution of blood flow 
between the two lungs was measured continuously by recording the radioactivity in the mixed expired gas 
from each lung during the infusioni.v. of xenon-133. Infusions of nitroglycerine and sodium nitroprusside 
which produced the same decrease in mean aortic pressure produced similar decreases in hypomc 
pulmonary vasoconstriction. The reduction in arterial Po, during unilateral hypoxia was greater when the 
hypoxic vasoconstrictor response was depressed by drugs than it was during the control periods, although 
mixed venous Po, was unchanged. It is concluded that both drugs may cause hypoxaemia by increasing 
the blood flow to alveoli with a low ventilation/perfusion ratio, 


Sodium nitroprusside (SNP) and nitroglycerine 
(NG) are used to treat arterial hypertension in 
patients undergoing coronary artery bypass 
surgery. However, both drugs reduce arterial 
oxygen tension (Wildsmith, Drummond and 
MacRae, 1975; Seltzer, Doto and Jacoby, 1976; 
Kopman et al., 1978). There appear to be three 
possible mechanisms which could decrease Pao, 
First, the drug might produce a reduction in 
venous return caused by dilatation of capacitance 
vessels and so decrease cardiac output and mixed 
venous Po, (PV¥o,). In the presence of areas of lung 
with a low ventilation/perfusion ratio, the 
reduction in PVo, would cause a reduction in Pag, 
even though the proportion of blood flowing 
through such areas was unchanged (Sykes, Young 
and Robinson, 1965). A second explanation is that 
the drug might cause pulmonary vasodilatation 
and decrease pulmonary artery pressure. If there 
were underventilated alveoli in the dependent 
zones of the lung, the reduction in pulmonary 
artery pressure might decrease the flow: to the 
normally ventilated portions of the lung and so 
increase the proportion of blood flowing through 
the underventilated alveoli even though the 
absolute flow through such alveoli was unchanged 
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(Colley ard Cheney, 1977; Colley, Cheney and 
Butler, 1977). The third possibility is that the 
proportion of blood flowing , through 
underventilated lung zones might be increased by 
a drug-induced depression of the hypoxic 
vasoconstrictor mechanism which  normall 
diverts flow away from areas of lung with a low 
alveolar Po, (Hughes, 1975). 

Studies in dogs indicate that SNP may depress : 
this mechanism (Colley, Cheney and Hlastala, 
1979; Hill. Sykes and Reyes, 1979). The present" 
experiments were designed to compare the effects 
of NG and SNP on the pulmonary vasoconstrictor 
response to unilateral alveolar hypoxia. 


METHODS 


The experiments were performed on 10 dogs of 
varied breed (weight 16-24 kg).* They were 
anaesthetized with thiopentone 20-30 mg kg™! 
i.v. supplemented by increments of 
pentobarbitone to a total of 20 mgkg ` The 
animals were placed supine in a V-shaped trough 
and the lungs ventilated mechanically. 
Pancuronium 2—4 mg was injected at intervals to 


- ensure no spontaneous respiratory activity. These 


three drugs have been shown to have no effect on 
the hypoxic vasoconstrictor response. Cannulae 
were inserted to the femoral vessels for pressure 
recording, blood sampling, dye injection. and 
withdrawal, and infusion of xenon-133. Two 
catheters, cne of the Swan—Ganz type, were passed 
into the pulmonary artery fpr blood sampling and 
simultaneous recording of pulmonary artery (Ppa) 
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and pulmonary wedge pressures (Ppaw) and a 
separate i.v. infusion line was established for fluid 
and drug administration. Tracheotomy was 
performed and a double-lumen tracheal divider 
passed (Seed and Sykes, 1972). After inflation of 
the cuff, accurate placement of the tube was 
checked by measurements of the tidal volume 
issuing from each lung. The absence of leaks was 
demonstrated by pressurizing each lung to 
+3.0 kPa whilst the opposite limb of the tube was 
connected to a tube placed under water. Each limb 
of the tube was then connected to a separate non- 
rebreathing valve and second-stage ventilator 
circuit which could be driven by the main 
ventilator at 15 b.p.m. (Reyes et al., 1979). The 
tidal volume to each lung was adjusted to produce 
equal end-tidal carbon dioxide concentrations of 
44.5% and then kept constant during the 
experiment. 

The distribution of pulmonary blood flow 
between the two lungs was measured continuously 
by infusing xenon-133 dissolved in 50-100 ml of 
‘normal saline at a rate of 1-2 mCi h^! using a 
Braun continuous infusion pump. Approximately 
95% of the xenon was evolved to the alveoli during 

. its passage through the lungs and then washed out 
by the tidal ventilation. 

« The expired gas from each lung was passed 
through a fan-assisted mixing unit and the mixed 
expired gas then circulated through a glass coil 
situated within the collimator of a scintillation 
detector. The output from each detector was 
processed to yield a continuous record of the 
radioactivity issuing from each lung. Since tidal 
volumes were initially matched to the blood flow to 
each lung, the initial ratio of right/left (R/L) 
radioactivity was 1. When hypoxic vaso- 
constriction was induced in the left lung by 
ventilating it with hypoxic gas mixture, the 
radioactivity on that side decreased and the 
radioactivity on the oppasite side increased. 
This caused an increased R/L ratio of radio- 
activity which reflected the magnitude of 
diversion of blood flow away from the hypoxic 
lung (Sykes, Hill et al., 1977). In this study, the 
percentage diversion was calculated from the 
equation: 


x 100 





% diversion = 
where C, = mean counts from both lungs during 
bilateral ventilation with oxygen; Cp, C, = counts 
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from right and left lungs during unilateral 
hypoxia. 

Vascular and airway pressures were monitored 
continuously with Consolidated Dynamics strain 
gauges and a Devices M 19 heated stylus recorder. 
Oesophageal temperature was monitored with a 
thermistor probe and “body temperature 
maintained at 37 +1 °C. 

Cardiac output was determined in triplicate 
with indocyanine green dye using a calibrated 
Gilford system, the curves being analysed by the 
method of Simons and White (1976). Blood-gas 
tensions and pH measurements were made on two 
separate electrode systems (Radiometer ABL1 and 
the standard Radiometer system) which were 
calibrated with previously analysed gases and 
repeatedly checked with tonometered blood 
samples (Sykes et al., 1970; Selman and Tait, 
1976). 

The right lung was ventilated throughout with 
pure oxyger.. The left lung was initially ventilated 
with oxygen and the hypoxic vasoconstrictor 
response elicited by switching the ventilating gas 
mixture to 7% oxygen in nitrogen. This gas 
mixture yields alveolar oxygen tensions in the 
mixed venous range. 

The initial measurements of xenon count, 
cardiac output, vascular and airway pressures, 
end-tidal carbon dioxide concentration and blood- 
gases were made 20-30 min after stable conditions 
had been achieved with both lungs ventilated with 
oxygen. The ventilating gas to the left lung was 
then changed to 7% oxygen and a second set of 
measurements made 10-15min later when 
vascular pressures and xenon counts were stable. 
Both lungs were again ventilated with oxygen and 
an infusion of the drug started. The dose rate was 
adjusted to produce a mean arterial pressure of 
105-110 mm Hg, the lowest that could usually be 
achieved with NG, and athird set of measurements 
was made 10 min later. The drug infusion was 
continued and the left lung switched to 7% 
oxygen, the fourth set of measurements being 
made when conditions had stabilized after a 
further 10-15 min. The drug was then 
discontinued and both lungs ventilated with 
oxygen until the pressures had returned to pre- 
existing values. A fifth set of measurements on 
bilateral oxygen was made 30-40 min after 
discontinuing the drug and a sixth set 10-15 min 
after again ventilating the left lung with 7% 
oxygen. The fifth and sixth sets of measurements 
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also served as control measurements for the second 
drug which was administered in a manner similar 
to the first. Hypoxic responses were obtained 
during the period of administration of the second 
drug and 30-40 min after withdrawing the drug. 
The order in which the SNP and NG were 
administered was varied in a random manner so 
that five animals received SNP as the first drug and 
five animals NG first. The results were subjected 
to an analysis of variance followed by t tests where 
indicated. The statistical analysis compared the 


effects of each drug with the controls before and ` 
after administration of the drug and also tested for, 


the effect.of time and sequence of drug 
administration. The drugs used in these-studies 
were SNP (Roche) 0.01% (mean dose 9.1 mg, 
range 6.7-50mg) and NG  (Arnar-Stone 
Laboratories Inc.) 0.1% (mean.dose 17.5 mg, 
. range 10-40 mg). ` 


RESULTS 
Control periods 
The three sets of control values (C,, C,, and Cy) 
on bilateral oxygen and unilateral hypoxia were 
grouped according to the sequence in which they 
were obtained. During bilateral ventilation with 
oxygen the only measurement which changed 


significantly during the experiment was Pap. 
This increased from 2. 6 mm Hg at C, to, 


4.6 mm Hg at C}. 
Unilateral ventilation with 7% oxygen resulted 
in significant reductions in Pao, PY y, and left lung 


end-tidal carbon dioxide concentration (Le: 09) 
and a significant increase in FE'co, in the right 
(oxygenated) lung (table I). However, i it produced 
no significant change in cardiac output, vascular 
and airway pressures, Paco, -base excess or 
haemoglobin concentration. Unilateral hypoxia 
reduced the proportion of blood flowing to the 
hypoxic lung, the magnitude of this response 
increasing with time. 


Effect'of drugs 

The variables measured during the period of 
drug administration were compared with the 
means of the control values obtained before and 
after the infusion (table II). 

During bilateral oxygen ventilation, NG 
produced significant reductions in cardiac output 
(Q), mean aortic pressure (Pło), Ppa and Pray. 
During the same conditions, SNP produced 
significant decreases in Dr, Ppa and Dee and a 
significant increase in heart rate (HR). There were 
no significant changes in any ofthe other measured 
variables. Ñ 

Pio Praw and Pao, were significantly reduced 
during unilateral hypoxia and NG administration 


‘compared with the means of the before and after . 


control values during unilateral hypoxia. SNP 
produced significant reductions in Pz, Ppx and. 
Pao, and a significant increase in HR compared 
with the means of unilateral hypoxia control 
measurements. During unilateral hypoxia, both 
drugs produced a similar degree of depression of 


TABLE I. Significant changes in measurements recorded during control periods. Results grouped according to the teme sequence in which 
they were obtained (C,, Cy and Cy). The left lung was subjected to hypoxia. The end-tidal carbon dioxide (FE'co,) comparisons were based 
on the average results from the three control periods 














C, C; C; 
04/0, 0,/7%0, 0,/0, 0,/7%0, 0,/0, 0,/7%0, Civ C, 
% Reduction in left 
lung blood flow mean 31.5 37.8 48.5 P «0.05 
SD +20.2 +8.7 a +16.4 
0,/7%0, v 02/0, 
Pao, (kPa) mean 56.9 17.2 51.9 18.2 54.2 20.5 P<0.001 
+8.6 +39 +15.7 +69 +14.3 +77 
P¥o, (kPa) mean 74 6.1 6.8 59 6.9 6.0 P «0.001 
SD i 0.9 +0.9 +10 +1.0 +1.2 +13 
FE co, (left) (%) mean AA 4.1 AA 3.9 45 3.8 P<0.001 
SD +0.4 +0.4 . £05 +0.4 +0.5 10.6 
FE co, (right) (%) mean 4.5 4.8 4.5 4.8 4.6 4.9 P «0.01 
SD +0.4 +0.5 +0.6 +0.6 +05 +0.5 


D 
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TABLE II Carcsorespiratory measurements (mean + SD) at each stage of the experiment 
Before drug NG After drug 
A B C ^D E F Ce D v. 
= 7 mean of mean of 
Variables 0,/0, 0,/7%0O, O/O, 0,/7%O0,; OJO, 0O,/7%0,  AandE B and F 
Q (litre min ^!) 2.01 1:90 1.60 1.85 1.87 185 P<0.01 n.s 
+0.69 +0 66 +0.44 +0.65 i052 +0.58 
Px (mm Hg) 143.0 143.0 109.2 115.7 134.7 137.1 P «0.0001 P «0.0001 
+27.3 , 418.4 17.4 +195 +13.1 +144 
Pax (mm Hg) 1050 12.25 9.85 12.40 1295 14.7 P<0.02 ns 
E +1.58 +2.07 +1.60 +2.71 32.83 +2.87 
Psx; (mm Hg) 3.03 4.05 2.40 2.45 4.90 5.60 P<0.01 P<0.01 
. +1.47 +2.28 +1.56 +3 18 +2.55 +2.71 
HR (beat mn^!) 164.3 165.7 187.9 185.1 179.3 182.6 n.s n.8 
_ 39.1 +31.7 +35.2 +27.4 f +22.7 +21.8 
Pag, (kPa) 57.21 1€.96 55.33 14.09 51.91 18.69 Dë P<0.03 
d +8.04 +3.39 +11.39 +3.04 +15.52 +7.20 
Iech (kPa) 7.22 5.98 6.65 5.62 6.85 6.02 n.s n.8 
+1.11 +0.89 +1.01 +0.74 +1.06 +0.82 k 
Paco, (kPa) * 4.79 4.81 4.70 4.79 4.89 4.85 ns. n.8 
` +0.49 +0.90 +0.50 +0.63 +0.57 +0.62 
^ Before drug SNP After drug 
G H I J K L Iv. Jv. 
— mean of mean of 
Variables O,/0, 0,/7%0, 00, 0,/7%0, ~ O4/O; 0./7%0,, GandK Hand L 
O (litre min” !) 2.12 1.94 1.83 2.16 1.99 195 ns. n.8 
+0.69 +3.62 +0.61 +0.83 +0.61 +0.56 
Pv (mm Hg) 133.5 138.2 103.2 107.4 143.0 139.5 P «0.0001 P «0.0001 
115.5 +15.5 +14.8 +14.3 +24.3 17.7 " 
Pax (mm Hg) 12.0 13.40 10.10 — 1127 12.70 - 1495 P<0.01 P«0.01 
EK +1.95 +2.99 +2.83 +3.36 +3.78 
Pray (mm Hg) 375 4.51 2.40 2.65 3.90 40 P<0.05 ns. 
A 1293 +3.07 +2.39 £291 +2.01 1239 
HR (beat min” ') 180.6 185.6 195.9 1947 159.2 1644 P<0.01 P<0.05 
+22.1 +26.0 +34.6 +34.1 +37.9 +31.5 
Pao, (kPa) 51.57 16.41 54.09 12.07 54.13 20.05 s. P<0.01 
+15.87 +6.96 +13.53 +2.84 +14.44 +7.60 
Pto, (kPa) 7.0 5.93 6.89 5.68 5.84 5.88 D.8. n.8 
+0.83 +0.61 41.13 +1.04 +1.19 +1.16 
Paco, (kPa) 4.89 4.82 4.78 5.04 4.98 5.18 ns n.8 
+0 56 +0.61 +0.68 +0.56 +9.65 +0.93 
DISCUSSION 


the pulmonary vasoconstrictor response to 
alveolar hypoxia (table II). However, Pao, during 
unilateral hypoxia was significantly less during 
SNP administration than during infusion of NG. 
This was probably because of the slightly greater 
inhibition of the hypoxic vasoconstrictor response 
by SNP. 


The study demonstrates that when NG and SNP 
were infused at dose rates which produced equal 
reductions in mean aortic pressure they produced 
similar degrees of depression of the pulmonary 
vasoconstrictor response to alveolar hypoxia. 
However, the slightly increased inhibition of the 
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Tass III. Percentage decrease in blood flow in left lung'in response to unilateral hypoxia 








A B iD E F 
. Before During After Before During After 
Dog no. NG , NG NG SNP SNP SNP 
1 40.0 32.6 30.0 300 10.0 27.2 
2 27.0 34.0 40.0 40.0 16.9 57.6 
3 30.8 29.5 39.0 18.6 0.0 30.8 
4. 20.7 10.8 40.0 40.0 22.2 37.7 
5 26.6 0.0 24.4 24.4 23.0 48.2 
6 32.9 13.8 - 34.3 233 11.1 32.9 
7 35.0 35.0 . 35.5 20.2 13.6 35.0 
8 44.2 17.2 66.6 70.3 36.5. 44.2 
9 31.3 19.0 50.0 50.0 46.3 62.5 
10 50.6 36.0 76.6 57.1 32.3 50.6 
Mean ^ 33.9 22.8 43.6 35.1 19.2 42.7 
SD +8.9 +12.4 +16.4 +20.5 15.1 +11.9 
Significance P<0.01 P<0.01 ' P<0.01 P<0.01 





response by SNP produced a significantly greater 
reduction in arterial Po, during unilateral 
hypoxia, although the mean values of mixed 
venous Po, were the same. These results were 
confirmed by the changes in-end-tidal carbon 
dioxide which normally reflect changes in blood 
flow. 

The unilateral ventilation hypoxia model used 
in this study may be criticized because it does not 
exactly simulate the underventilated or atelectatic 
areas of the lung. 

The first criticism is that the alveolar Po, (PAg,) 
values during ventilation hypoxia might not be 
comparable to those in an underventilated area of 
lung. End-tidal gas samples and sampling of blood 
from the pulmonary veins draining a lung or lobe 
ventilated with 7-9% oxygen have confirmed that 
this gas mixture produces PAo, values in the range 
5-6 kPa when pulmonary vasoconstriction is 
established and alveolar Pco, (PAgo,) is reduced. 

The second criticism is that the maintenance of 
constant ventilation when blood flow is reduced by 
alveolar hypoxia results in a reduction in PAgg,, 
whereas PAco, is normally increased in an 
underventilated area of lung. Since a reduction in 
PAco, decreases the magnitude of the response to 
hypoxia, the greater reduction in PAco, during the 
control periods would have tended to minimize the 
differences between the control.hypoxic responses 
and those recorded during the period of drug 
administration. It is therefore likely that the 
decrease in pulmonary vasoconstriction recorded 
in the present experiments underestimated the 
effect of the drug. Other experiments have 
demonstrated that the maintenance. of constant 


end-tidal Fco, values does not alter the qualitative 
results (Sykes et al., 1975; Hurtig, Tait and Sykes, 
1977). 

The third criticism is that regional lung volume 
and tidal volume are maintained at normal values. 
It is not known how hypoxic vasoconstriction’ 
varies with lung volume,'but it is now believed thát 
most of the reduction in blood flow in atelectatic 
lungs is a result of hypoxic pulmonary vaso- - 
constriction. This can be reversed by drug 
administration (Barer, 1966; Benumof, 1979). Ir, 
seems unlikely, therefore, that the use of 
ventilation hypoxia will affect the qualitative effect 
produced ty the drugs. 

The model has a number of advantages. First, 
factors which may affect the pulmonary 
circulation, such as changes in pulmonary vascular 
pressures, acid—base balance and temperature, are 
applied equally to both lungs. Airway pressures 
are closely controlled and both cardiovascular and 
respiratory variables can be monitored during the 
experiment. Second, the radio-isotope method of 
measuring flow is accurate, utilizes relatively little 
radioactivity and provides a continuous 
measuremeat of blood flow (Sykes, Hill et al., 
1977). This enables the response to be monitored 
visually so that other measurements can be 
correctly synchronized with the peak response. It 
is believed that the advantages outweigh the 
disadvantages and that this model provides a 
satisfactory method of studying the problem. 

` The decreased vasoconstriction in the hypoxic 
lung observed during the* period of drug ad- 
ministration could have been produced by a 
generalized reduction in pulmonary vascular tone 
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or by an inhibition of the pulmonary 
vasoconstrictor response to alveolar hypoxia. In 
the present experiments both drugs produced a 
small increase in pulmonary vascular resistance. 
However, both Pp, and Pp pay decreased, so that the 
apparent increase in resistance could have been 
caused by a reduction in the cross-sectional area of 
the perfused vascular bed. Mentzer and Nolan 
(1977a) demonstrated that NG caused 
vasodilatation in a left lower lobe perfusion 
preparation in new-born puppies and Kaplan, 
Dunbar and Jones (1976) found that infusion at a 
mean dose rate of 0.96 ug ke ! min"! reduced 
pulmonary vascular resistance in ' patients 
undergoing open-heart surgery. Since alveolar 
oxygen tensions were normal or increased during 
these studies, it seems reasonable to conclude that 
the drug can act as a pulmonary vasodilator. 
There is also evidence that SNP may produce 
pulmonary vasodilatation. For example, Stinson 
and others (1975) found that SNP reduced pul- 
monary vascular resistance 1n patients after open- 
‘heart surgery. However, Mentzer and Nolan 
(1977b), Colley, Cheney and Hilastalá (1979), 
and Hill, Sykes and Reyes (1979) found no evi- 
. dence of decreased pulmonary vascular resistance 
in dogs. 
. Ifa drug produces vasodilatation by reducing 
wall tension in the pulmonary arterioles, the effect 
will depend on the radius of the vessel. According 
to the Laplace relationship, P = 21/R, a given 
reduction in wall tension should produce a 
proportionally larger increase in radius when the 
vessel is constricted than when it is dilated. The 
administration of a vasodilator drug might 
therefore result in redistribution of flow towards 
the previously vasoconstricted vascular bed. 
There is, however, increasing evidence which 
indicates that many drugs have a direct action on 
the hypoxic vasoconstrictor mechanism. For 
example, in isolated lungs perfused at constant 
flow, drugs such as ether and trichloroethylene 
inhibit the pressor response to alveolar hypoxia 
without altering pulmonary vascular tone (Sykes 
etal., 1973; Hurtig, Tait and Sykes, 1977). Similar 
results have been obtained in the intact animal 
(Sykes et al., 1975; Sykes, Hurtig et al., 1977). 
Inhibition can also be produced by calcium 
antagonists (McMurtry et aL, 1976) and by carbon 
monoxide (Miller and+Hales, 1978). Furthermore, 
both pulmonary vaso-constrictor and -dilator 
drugs inhibit hypoxic pulmonary vasoconstric- 
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tion. For. example, dopamine -is a pulmonary 
vasoconstrictor and isoprenaline is a vasodilator, 
yet dose rates which are equipotent in terms of 
their inotropic effect produce similar degrees of 
inhibinon of the pulmonary vasoconstrictor 
response to hypoxia (Marin et al., 1979). 

Areas with a low PA, are unlikely to exist in 
normal lungs, so it is not surprising that many of 
the drugs which are known to inhibit the 
pulmonary vasoconstrictor response do not 
produce hypoxaemia in animals or patients when 
the lungs are normal (Stone, Khambatta and 
Matteo, 1976; Colley, Cheney and Hlastala, 1979). 
The unchanged Pag, values on bilateral oxygen 
found in this study provide further confirmation 
that there is no increase in intrapulmonary shunt 
in normal lungs. However, depression of the 
pulmonary vasoconstrictor mechanism is 
probably an important cause of hypoxaemia in 
patients with severe ventilation/perfusion ratio 
abnormalities, particularly if collapse is present 
(Barer, 1965; Benumof, 1979). The effect will be 
accentuated if P¥o, is simultaneously reduced by 
an imbalance between cardiac output and tissue 
oxygen consumpiton. 

Hypoxic pulmonary vasoconstriction is depres- 
sed by a number of other factors, some of which 
may be particularly relevant to the patient with 
cardiac disease. For example, Benumof and 
Wahrenbrock (1975) and Scanlon and others 
(1978) have claimed that the response is dimini- 
shed by high vascular pressures, whilst Hauge 
(1969) and Benumof and Wahrenbrock (1977) 
found that it was inhibited by hypothermia. Both 
these conditions may be found in patients 
undergoing cardiac surgery. 

It is concluded that since NG and SNP appear 
to produce arterial hypoxaemia by depressing the 
hypoxic pulmonary vasoconstrictor response, 
their administration should be accompanied by 
oxygen enrichment of the inspired gases and 
careful monitoring of Pao, 
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. DEPRESSION DE LA VASOCONSTRICTION 
. PULMONAIRE HYPOXIQUE PAR LE NITRO- 
PRUSSIATE DE SOUDE ET LA NITROGLYCERINE 


RESUME 


La réaction vasoconstrictrice pulmonaire à l'administration 
unilatérale de 7% d'oxygéne a été étudiée sur 10 chiens 
anesthésiés, dont les poumons étaient ventilés mécaniquement 
La répartition du débit sanguin entre les deux poumons a été 
mesurée conunuellement par enregistrement de la radioactivité 
des mélanges de gaz expirés de chaque poumon pendant la 


- perfusion intraveineuse de xénon-133. Les perfusions de 


nitroglycérine et de nitroprussiate de soude qui produisent la 
méme diminunon de la pression aortique moyenne ont pro- 
voqué des diminutions similaires. dans la vasoconstricuon 
pulmonaire hypoxique. La reduction de la Po, artérielle 
pendant l'hypoxie unilatérale a été plus forte lorsque la réaction 
vasoconstrictrice hypoxique a été déprimée par des médica- 
ments, qu'elle ne l'avait été pendant les périodes de contróle, 
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bien que la Po, veineuse mélangée soit demeurée sans change- 
ment, On en a conclu que les deux médicaments peuvent 
provoquer l'hypoxémie en augmentant le débit sanguin allant 
aux alvéoles avec un faible rapport ventilanon/perfusion. 


DAMPFUNG DER HYPOXISCHEN 
PULMONARGEFASSVERENGUNG DURCH 
NATRIUMNITROPRUSSID UND NITROGLYZERIN 


ZUSAMMENFASSUNG 


Die pulmonare Vasokonstriktorrezktion auf die emseige 
Verabreichung von 7% Sauerstoff wurde bei 10 anásthesierten 
Hunden untersucht, deren Lungen mechanisch belüftet 
wurden. Die Blutflussverteilung zwischen den beiden Lungen- 
flügeln wurde kontinuierlich gemessen, indem die Radio- 
aktivitat des ausgeatmeten Gasgeriisches aus jeder Lunge 
wührend emer Infusion von Xenon-133 (intravenós) auf- 
gezeichnet wurde. Infusionen von Nitroglyzerin und Natrium- 
nitroprussid, die den gleichen. Abfall des mittleren. Aorten- 
drucks  hervorriefen, bewirkten auch eine  ahnliche 
Verringerung der pulmonaren hypoxischen Gefassverengung. 
Die Reduzierung von arteriellem Po, wahrend unilateraler 
Hypoxie was grósser, wenn die hypoxische Vasokonstriktor- 
reaktion durch Drogen gedimpft wurde, als sie wihrend der 
Kontrollperioden war, obwohl das gemischte venose Po, 
‘unverandert blieb. Daraus schliesst man, dass beide Drogen 
Hypoxámie verursachen kónnen, indem sie die Blutzufuhr zu 
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den Alveolen mit niedrigem Beluftungs/Durchstromungs- 
Verhaltnis erhchen. 


DEPRESION DE LA VASOCONSTRICCION 
HIPOXICA PULMONAR MEDIANTE 
NITROGLICERINA Y NITROPRUSIATO DE SODIO 


SUMARIO 


La respuesta vasoconstrictora pulmonar a la administración 
unilateral de 7% de óxigeno se estudió en 10 perros 
anestesiados en los que los pulmones se vennlaron por medios 
mecánicos. La distribución del flujo sanguineo entre los dos 
pulmones se midió continuamente mediante el registro de la 
radioactividad existente en el gas mezclado de espiración 
procedente de cada uno de los pulmones, durante la 1nfusión 
mtravenoso de xenon-133. Las infusiones de nitroglicerina y de 
nitroprusiato de sodio que produjeron la misma disminución en 
la presión aóruca media produjeron, asi mismo, disminuciones 
similares en la vasoconstricción bipóxica pulmonar. La reduc- 
ción del Po, arterial durante la hipóxia unilateral fue mayor 
cuando la respuesta hipóxica vasoconstrictora se redujo 
médiante drogas de lo que fue durante los periodos de control, 
aunque el Po, mezclado de carácter venoso permaneció inalte- 
rado. La conclusión es, por lo tanto, que ambas drogas pueden 
ocasionar hipaxemia al incrementar el flujo sanguineo al alveolo 
con una baja relación de ventilación/perfusión. 
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INTERACTIONS OF ADRENERGIC BETA-RECEPTOR BLOCKADE 
(OXPRENOLOL) AND Pco, IN THE ANAESTHETIZED DOG: 
INFLUENCE OF INTRINSIC BETA-SYMPATHOMIMETIC ACTIVITY 


P. FoÉx AND W. A. RYDER 


SUMMARY 


Effects of change in Paco, on systemic and coronary haemodynamucs and on coronary sinus blood-gases 
have been studied in 10 open-chested dogs ın which the lungs were ventilated with 0.8% halothane in 
oxygen, before and after administration of oxprenolol 0.3 mg kg” ! i v. The hyperdynamic response of the 
circulation to hypercapnia was only marginally reduced after oxprenolol (cardiac output increased by 
10% as opposed to 16% before oxprenolol) Before and after cxprenolol, hypocapnia caused large 
reductions of coronary blood flow (—2496 and —20% respectively), while hypercapnia caused large 
increases of coronary blood flow (+ 59% and +34% respectively). Oxprenolol does not appear to modify 
significantly the circulatory response to arterial carbon diomde tension. 


Blockade of the adrenergic beta-receptors modifies 
responses of the circulation to changes in Paco, 
(Ledingham et al., 1970; Foéx and Prys-Roberts, 
1974; Van den Bos, Drake and Noble, 1979). In the 
case of hypocarbia, the effect of adrenergic beta- 
blockade may be minimal. However, in the case of 
hypercarbia, blockade of the beta-receptors may 
result in withdrawal of an important inotropic 
support. The direct negative inotropic effect of 
carbon dioxide on the myocardium (Jerusalem and 
Starling, 1910; Pannier and Brutsaert, 1968; Foéx 
and Fordham, 1972) is thus unmasked and 
cardiovascular depression may occur. Intrinsic 
beta-sympathomimetic activity is a feature of 
the effect of some adrenergic beta-receptor anta- 
gonists. The enhancement of myocardial perfor- 
mance from intrinsic sympathomimetic activity 
(ISA) has been well documented in the isolated 
heart (Fitzgerald, Wale and Austin, 1972; Nayler 
and Chang, 1973) and it has also been observed in 
anaesthetized animals (Prys-Roberts et al., 1976). 
The presence of ISA may minimize the effect of 
adrenergic beta-receptor blockade in the case of 
hypercapnia and may prevent cardiovascular 
depression. To test this hypothesis, the effects of 
alterations of Paco, on the circulation have been 
studied before and after the administration of the 
non-selective adrenergic beta-receptor antagonist 
oxprenolol. The effects of oxprenolol on the 
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systemic and coronary circulations were studied 
simultaneously, together with coronary sinus 
blood-gas <ensions to gain more insight into the 
interaction between adrenergic beta-receptor 
blockade and carbon dioxide under anaesthesia. . 


METHODS 


Ten unpremedicated dogs (mean weight 15.3 kg, 
SD 0.8) were studied. After induction of 
anaesthesia with thiopentone, 15 m kg”? i.v. and 
endotracheal intubation, anaesthesia was 
maintained with 0.8-1.0% halothane in oxygen 
using constant volume intermittent positive 
pressure ventilation (tidal volume 40 ml kg” !, rate 
12 b.p.m.). Paco, was maintained at the required 
value by adding carbon dioxide to the inspired gas 
mixture and monitoring end-tidal carbon dioxide 
concentration with an infra-red analyser. The 
oesophagea. temperature was monitored and 
maintained within the range of 36.5—37.5 °C by 
undertable heating. The e.c.g. was recorded. An 
i.v. infusion of fluid 5 ml kg ! h^! was given. The 
surgical preparation consisted of the insertion of a 
20-cm Teficn catheter in the aortic arch via the left 
carotid artery followed by left lateral thoracotomy. 
Two electromagnetic flow transducers were 
implanted, one around the root of the aorta, the 
other around the left circumflex coronary artery. A 
miniature pressure transducer was inserted into the 
cavity of the left ventricle. Umbilical cannulae 
were inserted to the pulmonary artery, left atrium 
and coronary sinus. A pneumatic occluder was 

© Macmillan Publishers Ltd 1981 


20 


inserted around the left circumflex coronary GE 
to allow zero-flow oclusion. 

The following -variables were recorded: e.c.g., 
aortic pressure, left ventricular (LV) pressure, left 
atrial pressure, pulmonary arterial pressure, aortic 
flow and left circumflex coronary flow. 
Electronically derived signals included LV dP/dt, 
aortic blood acceleration and stroke volume. 
Details of the methods and calibrations have been 
given elsewhere (Burt and Foéx, 1979). 

Arterial, mixed venous and coronary sinus 
blood samples were analysed at each stage of the 
experiment. Po,, Pco, and pH were measured 
with electrode systems already described (Hahn, 
1969, 1971). For determinations of Po», two 
electrodes were used; one for arterial samples was 
calibrated with room air and 60% oxygen; the 
other for mixed venous and coronary sinus blood 
samples was calibrated with pure nitrogen and 
10% oxygen. Corrections for temperature 
difference’ were applied according to Kelman and 
Nunn (1966) and a blood-gas difference of 1.04 
“was applied for Po,. Haemoglobin concentrations 
were determined by spectrophotometry. 


. Calculation 
Systemic vascular resistance, left ventricular 
.external work, peak left ventricular power and the 
rate-pressure product were computed as described 
previously (Burt and Foéx, 1979). Oxygen 
saturation was calculated using the dissociation 
curve of Rossing and Cain (1966). In the 
calculation of oxygen content, an oxygen 
combining capacity of 1.34 ml oxygen per gram of 
haemoglobin was used. Whole body oxygen 
consumption and myocardial oxygen consumption 
were calculated from the respective flows and 
arteriovenous oxygen content differences. 
The results were analysed for statistical 
significance using paired Student's t test. 


Experimental programme 

Following $urgical preparation, the animals 
were allowed to develop a steady cardiovascular 
state over a period of 1h at an end-expiratory 
catbon dioxide concentration of 5.2%. After the 
steady state had been achieved, a dose—response 
curve to isoprenaline was constructed with the 
infusion rate doubled at each stage from an initial 
rate of 25 ng kg! min !. Twenty minutes after 
completion of the dose-response curve all vari- 
ables had returned to steady state values; the 
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haemodynamic variables were recorded and 
arterial, mixed venous and coronary sinus blood 
samples were withdrawn and immediately 
analysed. Hypocarbia was obtained by removing 
carbon dioxide from the inspired gas mixture. 
Recordings of the haemodynamic variables were 
taken after 20 min hypocarbia; at the same time 
blood samples were obtained. Carbon dioxide was 
then reintroduced and its concentration gradually 
increased over a period of 5 min to achieve an end- 
tidal concentration of about 10%. Recordings and 
blood samples were obtained after 20 min 
hypercarbia. A new normocarbic stage was 
obtained by reducing end-tidal carbon dioxide to 
5.2% and values were found to be stable after 
20 min. At normocarbia and after the appropriate 
recordings and blood ¡samples had been taken, 
oxprenolol 0.3 mg kg” ! was injected i.v. and after 
20 min, haemodynamic recordings and blood 
samples were obtained. The  hypocarbic, 
hypercarbic and normocarbic stages were then 
repeated. A second dose-response curve to 
isoprenaline was constructed at normocarbia. At 
each stage, recordings were taken while respiration 
was halted (airway pressure 0cm H,O, lung 
volume at functional residual capacity). At the end 
of each experiment, the coronary artery flow 
transducer was calibrated by infusing measured 
volumes of blood into the left circumflex artery. 
'The heart was removed and weighed. 


RESULTS 


The dose of oxprenolol chosen produced an eight- 
fold shift of the dose-response curve of heart rate 
to isoprenaline. The effects of alterations of Pago, 
on the haemodynamic values before and after 
adrenergic beta-receptor blockade are given in 
table I, while their effects on blood-gases are given 
in table II. 


Effects of adrenergic beta-receptor blockade 

At normocarbia, the effect of adrenergic beta- 
receptor biockade was a significant reduction of 
cardiac output by 9% caused by reduction of 
stroke volume while heart rate remained 
unchanged. After administration of oxprenolol, 
systemic vascular resistance (SVR) increased by 
12.5%, while mean arterial pressure increased 
slightly. A significant but small (+0.9 mm Hg) 
increase of LVEDP was observed. All indices of 
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TABLE I. Haenadynam responses to teram of Paco, before and after adrenergic beta-receptor blockade 


(oxprenolol 0.3 mg kg” 
(paired two-tailed Students t test); 


! i.v.) under halothane anaesthesia. Mean and SEM of 10 experiments. Significance 
*P <0.05, ** P «0.01, *** P «0.005 for comparison between 


. hypocapma and respectively hypercapma and normocapma; t P «0.05 for comparison between normocapnic, 


hypocapnic or hypercapnic values before and after adrznergic beta-receptor blockade 








Before beta-adrenergic blockade 





Heart rate (beat min” !) 

Stroke volume (ml) 

Cardiac output (ml min” * kg” !)- 

Mean arterial pressure (mm Hg) 
Systemic vascular resistance (dyne s cm” 5) 
LVEDP (mm Hg) 

Peak aortic flow (ml s^!) 

Aortic blood acceleration (ml s^?) 

LV dP/dt max (mm Hg s^!) 

(LV dP/dt max)/1P (s^!) 

Peak LV power (mW) 

LV stroke work (mJ) l et 
LV minute work J) 

Coronary blood flow (ml min” ty — 
Mean pulm. art. pressure (mm Hg) 
Pressure-rate product (units x 107 3) 


Heart rate (beat min” +)’ 

Stroke volume (ml) 

Cardiac output (ml oun ! kg” *) 

Mean arterial pressure (mm Hg) : 

Systemic vascular resistance (dyne s cm” 3) 

LVEDP (mm Hg) 

Peak aortic flow (mi s^ !) 

Aortic blood acceleration (ml s^?) 

LV dPjdt max (mm Hg s^ !) 

(LV dP/dt max)/IP (s^!) 

Peak LV power (mW) 

LV stroke work (mJ) 

LV minute work (J) r 

Coronary blood flow (ml min” ') 
_Mean pulm. art. pressure (mm Hg) 

Pressure-rate product (units x 107 3) 


Normocapnia Hypocapnia Hypercapnia 
127.0+8.0 131.0 +8.0 141.0 +7.0* 
15.3413 14.6+1.5 15.8+1.7 
122.4464 120.1+7.6 141.6+10.0* 
78.0+3.0 79.0+3.0 81.0+5.0 
3448.0 +296.0 3587.0 +286.0 3149.0 +285.0 

2.8+0.4 2.740.5 5.4: 0.6*** 
167.3 11.3 . 1613112. 173.8 16.9 
5660:0+415.0 ` 5800.0 +485.0 5760.0 +485.0 
1850.0 + 105.0 1990.0 + 140.0 1840.0 + 105.0 
37.741.7 39.8 2.5 39.5 1.6 
2125.0 + 160.0 2060.0 + 180.0 2430.0 +295.0 
156.1 +11.9 153.2 +15.7 166.9 +15.7 
19.2+1.0 19.4+1.5 23.2+1.9* 
21.7418 16.3+1.0*** 35.0 +5.0** 

9.4+0.7 8.8+0.6 12.1 +0.8** 
12.1 +0.8 12.4 0.7 14.6 + 1.2*** 


After beta-adrenergic blockade 





"Normocapnia Hypocapnia Hypercapna 
128.04: 7.0 125.0 49.0 131.0+6.04 
. 13.9415 14.7+1.9 14.7+1.5 
111.9+7.04 111.6+7.1 124.0+11.1 ; 
80.0+3.0 80.0+4.0 75.0+5.0 
3880.0 +322.0 3828.0 +207.0 3404.0 +373.0 
3.7+0.5t 3.50.7 6.3+40,7*** 
160.4+14.2 166.9 +18.1 162.4+15.3 
5765.0 +485.0 6190.0+695.0 5210.0 +455.0 
1920.0 + 120.0 2120.0 +205.0 .1720.0 +95.0* 
40.3 12.0 43.5431 . 39.641.7 
2125.0 +230.0 2240.0 +315.0 2180.0 +260.0 
. 148.0 +16.8 * 159.8 +23.8 146.64 17.44 
18.2415 18.5+1.9 19.1+2.2+ 
20.5415 16.4 t 1.3*** 2731.8*** 
9.3+0.5 9.2+0.5 12.8 +0.8*** 
12.6 +0.8 12.1 1.0 132+1.0 


H 


myocardial performance were slightly increased 
after oxprenolol, but the differences ranged 
between 2% (aortic blood acceleration) and 7% 
(LV dP/dz max/IP) and did not reach statistical 
significance. Left. ventricular peak power 


remained unchanged. Reductions of stroke work | 


and minute work were similar to those of coronary 
flow (—579). and paralleled the decline of 
myocardial ` oxygen. .consumption. 


exception ofan 8% increase ofthe arterial to mixed: ` 
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venous oxygen content difference, blood-gases and 
oxygen ‘transport appeared unaffected by 
oxprenolol. 

At hypocarbia, adrenergic beta-receptor block- 


.ade was responsible for a small (5%) reduction of 


heart rate while stroke volume remained 
unchanged; thus cardiac output was slightly 
redücéd. These changes were not significant, 


With the." Systemic vascular resistancé was increased byonly ` 


7% and lef- ventricular end-diastolic gert by: * 
x s 
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TABLE II. Effect of alteranons of Paco, on blood-gases and oxygen transport before and after adrenergic 

beta-receptor blockade (oxprenolol 0.3. mg kg” 1.9.) under halothane anaesthesia. Mean and SEM of 

10 experiments. Sigmficance (paired two-tailed Student's t tests): * P «0.05, ** P «0.01, 

*** P 70.005 for comparison between hypocapnia and respectively hypercapma and normocapma; 

t P «0.05 for comparison between normocapnic, hypocapnic or hypercapmc values before and after 
adrenergic beta-receptor blockade 








Before beta-adrenergic blockade 








Normocapnia Hypocapnia Hypercapnia 
Pag, (kPa) 57.24+3.9 62.0+3.6 53.8 £3.2 
Paco, (kPa) 5.5+0.2 2.9 +0.24*x 9.3 +0.4%%x 
pHa (units) 7.36 +0.01 7.57 4:0.03**x* 7.15+0.02*** 
PVo, (kPa) 7.10.1 5.7 x.0.2*** ` 9.1 £0.48 
PVoo, (kPa) 6.50.1 3.8 :0.3*** 9.7 3- 0.4 
pH" (units) 7313+0.01 7.50 +0.C2*** 7.154+0.02*** 
Peso, (kPa) 4.340.2 2.9 40.277 6.4 -0.4*** 
Pcsco, (kPa) 7.2402 4.140.3%*x 11.3+0.5*** 
pHcs (units) 7.31 +0.01 7.52 3: 0.02*** 7.12+0.02*** - 
Sao, (%) 99.8 +0.0 99.9 0.0 99.7+0.1 
SVo, (%) 79.74+1.0 78.6 11.4 . 814414 
Scso, (96) 51.542.8 41.6 3.0*** 62.0 +3.2* 
Cag, (ml di7') 19.8+0.6 20.0+0.6 19.7406 . 
Co, (ml di~!) 15.0+0.7 14.8+0.7 15.3+0.7 
Ccso, (ml d1” D 9.7107 7.8+0.7** 11.6 +0.7* 
$ (Gag, — Col (mi di 4.9+0.2 5.2+0.3* | 44403 
< Vo; (ml min”) 91.0+7.0 95.04+8.9 93.0+7.0 
(Cao, Ccs sop i dl!) 10.2+0.6 12.2+0.7** 8.1 +0.7* 
Pmo, (ml min !) . 2340.4 2.0 £0.3 | 2.7 +0.3* 
After beta-adrenergic blockade 
Normocapnia Hypocapnia Hypercapnia 
Pao, (kPa) 60.0+3.2 62.2+2.5 56.4 +2.0 
Paco, (kPa) 5.3 +0.2 2.84:0.2*** 9.2 -0.3*** 
pHa (units) 7.34+0.01 7.53 +0.03*** 7.14 0.01 *** 
Pto, (kPa) 6.9 0.2 5.6 1 0.2*** 9.0 :0.3*** 
PY co, (kPa) 6.3 30.2 3.9 10.2*** 9.5 t 0.3*** 
pHY (units) 7.3+0.01 7.47 +0.02***¢ —— 7.144-0.02*** 
Peso, (kPa) 4.24+0.1 3,040.1" 6.3 0.2*** 
Pcsco, (kPa) 6.9+0.3 4.1 40.3% 10.9 +0.4*** 
pHcs (units) 7.3 10.02 7.49 4:0.02*** 7.12 :0.02*** 
Sao, (96) 99.8 +0.0 99.9 43-0.0 99.7 3-0.0 
Svo, (96) T1.6x1.0f 76.2£1.7¢ 80.8 +1.2*** 
Sc8o, (%) 50.5419 ES EK 62.1 -2.4*** 
Cao, (ml di7 5 19.9+0.7 19.9+0.7 19.8+0.6 
C¥o, (ml dl" 14.6+0.6 143408 15.24: 0.7** 
Ccso, (ml dl” D 9.50.5 7.8 40,5% 11.7 £0.7*** 
(Cag,— Co) (ml d17 5 5.340.2¢ ` 5.6+03 4.5 1 0.2*** 
Vo mi min” D 91.047.0 95.0+7.0 83.0+5.0 
(Cag, - C) (mi di" d 10.5+0.5 ~ 12.1 40,5%*x 8.1 40.44% 
Pmo, (ml min” *) 2.1403 2.0+0.3 23+0.2 





0.8 mm Hg. All indices of myocardial ventricular peak power was increased by 9%. 
performance (aortic blood acceleration (+7%), Coronary blood flow and myocardial oxygen 
LV dP/dt (+6.5%), LVdP)dtmax/IP (+10%)) consumption were unchanged. With the exception 
were slightly enhanced after oxprenolol. Left of an ae increase of the arterial to mixed : venous 
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oxygen content difference, blood-gases and 
oxygen transport were unaffected by oxprenolol. 

At hypercarbia both heart rate and stroke 
volume were reduced by approximately 7% 
after adrenergic beta-receptor blockade. Although 
relatively large, the 13% reduction of cardiac 
output did not reach statistical significance. 
Arterial pressure was slightly reduced after 
oxprenolol (—9%) while SVR was slightly 
increased (+8%). Left ventricular end-diastolic 
pressure was increased (--0.9 mm Hg) after 
adrenergic beta-receptor blockade. Aortic blood 
acceleration was reduced by 10% and LV dP/dt 
max by 6%, while LV dP/dt max/IP was 
unchanged, LV peak power was also reduced by 
10%. Significant reductions of stroke work 
(-12%) and minute work (—18%) were 
observed, together with reductions of coronary 
flow (—20%). Myocardial oxygen consumption 
(Vmo,) was reduced by 14%. Since whole body 
oxygen consumption was reduced after 
oxprenolol, the arterial to mixed venous oxygen 
content difference remained unchanged, as did all 
blood-gas values. 


Effect of carbon dioxide on coronary flow and on 
coronary sinus oxygen tension 

Tables I and II describe the effect of carbon 
dioxide on systemic and coronary haemodynamics. 
While alterations in the systemic circulation 
caused by carbon dioxide were of relatively small 
magnitude both before and after administration of 
oxprenolol, large differences of coronary blood 
flow were observed (fig. 1). Before adrenergic 
beta-receptor blockade, hypocarbia caused a 24% 
réduction of coronary blood flow (P «0.005) while 
hypercarbia caused a 59% increase of coronary 
blood flow (P « 0.005). These changes of coronary 
flow were accompanied by large and significant 
alterations of coronary sinus Po, (reduction by 
1.4 kPa in response to hypercarbia, increase by 
"2.1kPa in response to hypercarbia). The 
hypodynamic response of the circulation to 
hypocarbia is demonstrated by the reduction of 
Vmo, while the hyperdynamic response of the 
circulation to hypercarbia is shown by the increase 
of Vmo,. However, the magnitude of the changes 
of Vmg, (—11% and +16% respectively) was 
considerably smaller than that of the alterations of 
coronary blood flow. After adrenergic beta- 
receptor blockade, hypocarbia caused a :20% 
reduction of coronary blood flow (P « 0.005) while 
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Fic. 1. The effects of hypocapma and hypercapnia on left 
circumflex coronary blood flow, Pcsy, and Vmg, studied in 10 
dogs before (@——@) and after (O----O) oxprenolol: 
0.3 mg kg~'1v Mean and SEM are given. Although the 
changes of coronary flow and of Peso, caused by carbon dioxide 
were all sigmificant (P <0 001), only the increase of Vmg, with 
hypercapma before oxprenolol was significant (P «0.05) At 
the three Pco, concentrations none of the differences between 
values observed before and after oxprenolol was statistically 


significant 


hypercarbia caused a 34% increase of coronary 
blood flow (P<0.005). These changes were 
accompanied by a reduction in coronary sinus Po, 
(Pcsy,) of —1.2kPa with hypocarbia, and an 
increase in Pcso, of 2.1 kPa with hypercarbia. 
These changes were highly significant. The 
hypodynamic response to hypocarbia was 
accompanied by a 6% reduction of Vmg, and the 
modest hyperdynamic response to hypercarbia 
was accompanied by a 6% increase of Vm, 
Again, the alterations of Vmg, were of small 
magnitude by comparison with the substantial 
alterations in coronary blood flow. 


DISCUSSION 


The effects of  adrehergic  beta-receptor 
antagonists on the circulation depend on the 
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properties and dose of the drug and also on the pre- 
existing level of sympathetic activity. The latter 
may be different in different experimental models, 
so that comparisons could be difficult. 
Comparisons are easier if the same experimental 
model, the same anaesthetic agent and equipotent 
doses of two or more beta-receptor antagonists are 
used. Halothane in oxygen was used to make such 
comparisons possible. Our own study of the effect 
of metoprolol (Burt and Foéx, 1979) fulfills these 
requirements and may be used for comparison, 
since both metoprolol 1 mg kg~! and oxprenolol 
0.3 mg kg ! were used im doses producing an 
eight-fold shift to the right of the dose-response 
curve of heart rate to isoprenaline, 90 min after 
injection of the beta-blockers. At normocarbia, the 
effects of the cardioselective antagonist metoprolol 
were significant reductions of heart rate (— 20%), 
arterial pressure (— 10%), cardiac output (— 21%) 
and all indices of myocardial performance (—32% 
for aortic blood acceleration, —31% for LV dP/dt 
max, — 14% for LV dP/dt max/IP and —27% for 
LV peak power). Coronary blood flow was 
reduced by 25% and Vmg, by 27%. All these 
changes were significant (P<0.005 except for 
heart rate for which P was <0.01). This significant 
" reduction of myocardial performance 
accompanied by a substantial reduction of cardiac 
output, observed after metoprolol, is in contrast 
with the maintenance of cardiac performance after 
equipotent doses of oxprenolol. The only 
differences attaining statistical significance with 
oxprenolol were the reductions of cardiac output, 
and then by only 9% compared with 21% after 
metoprolol, and the modest increase in LVEDP, 
by 0.9mm Hg, while the increase caused by 
metroprolol was by 1.5 mm Hg. All indices of 
performance significantly and substantially 
reduced by metoprolol were unchanged or 
enhanced after oxprenolol. Although performance 
was maintained or even enhanced, the small 
increase of SVR observed after oxprenolol caused 
a reduction of stroke volume. The differences 
between the responses to metoprolol and to 
oxprenolol tested under almost identical 
conditions and used in equipotent doses could be 
explained by two factors: cardioselectivity and 
presence of ISA. If cardioselectivity was the major 
factor, SVR would be expected to be increased 
more substantially after administration of the non- 
selective antagonist oxprenolol. This is not borne 
out by the experimental results: SVR increased by 
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13% after oxprenolol and by 15% after 
metoprolol. Thus the two agents had similar 
effects on vascular resistance. The differences 
between effects of equipotent doses of oxprenolol 
and metoprolol may be explained by intrinsic beta- 
sympathomimetic activity, a feature of the effect of 
oxprenolol. Nayler and Chang (1973) have shown 
that oxprenolol increases the tension developed by 
trabecular muscles isolated from the heart of 
control and of catecholamine-depleted dogs. 
Increases of contractile force and heart rate have 
also been observed in reserpinized dogs (Meier, 
1970). In this study, administration of oxprenolol 
caused no change of heart rate and increased most 
indices of cardiac performance. This is not the 
usual pattern of response to adrenergic beta- 
receptor blockade unless the agent exhibits partial 
agonist activity. Under anaesthesia, removal by 
oxprenolol of the small effect of adrenergic beta- 
receptor activity on the cardiovascular system was 
accompanied by some stimulation of the beta- 
adrenoceptors because of the intrinsic beta- 
sympathomimetic activity. The two effects 
cancelled out and oxprenolol appeared to have had 
little effect on the circulation at normocarbia. 

At hypocarbia, the values for all indices of 
myocardial performance were also slightly 
increased after oxprenolol, but none of the haemo- 
dynamic values was significantly modified. This 
contrasts- with observations made after 
administration of propanolol: using a dose that 
caused an eight-fold shift of the dose-response 
curve of heart rate to isoprenaline (Prys-Roberts et 
al., 1976) all indices of myocardial performance , 
were decreased and heart rate significantly 
reduced (Foéx and Prys-Roberts, 1974). This 
would also indicate that the presence of intrinsic 
beta-mimetic activity may be advantageous. 
Because of the increased sympathetic activity of 
hypercarbia, the administration of  beta- 
adrenergic antagonists is likely to have a greater 
effect on the circulation at hypercarbia than at 
hypocarbia or at normocarbia. This was described 
with propranolol: cardiac output was substantially 
reduced ( — 34%), while heart rate was reduced by 
1496 and indices of left ventricular performance 
decreased by up to 40% (Fo&x and Prys-Roberts, 
1974). After oxprenolol, the only significant 
differences were 9% reduction of heart rate and 
reduction of left ventricular work (—12% for 
stroke work and — 18% for minute work). Of the 
indices of cardiac performance, LV dP/dz max/IP 
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was unaffected, while the other indices were 
reduced by up to 10%. Such changes were trivial 
by comparison with those caused by propranolol. 

The hyperdynamic response to hypercapnia was 
decreased by oxprenolol (cardiac output increased 
only by 10% in response to hypercarbia instead of 
16% before beta-adrenergic blockade), while it 
was inverted by propranolol (cardiac output 
decreased by 16% in response to hypercarbia 
instead of increasing by 24% before adrenergic 
beta-receptor blockade). The inversion of the 
response to hypercarbia after propranolol is a 
potential clinical hazard. Although normocarbia 
may easily be maintained during operation, this 
may not necessarily be so during the recovery 
period. Moreover, propranolol may in itself 
facilitate the development of hypercarbia by 
decreasing the sensitivity of the chemoreceptors to 
carbon dioxide (Mutschin et al, 1976). 
Oxprenolol does not cause inversion of the 
response of the circulation to hypercapnia. This 
difference between the effects of propranolol and 
those of oxprenolol, two non-selective beta- 
receptor antagonists, can only be attributed to the 
partial agonist characteristics of oxprenolol. This 
would reinforce the view that partial agonists may 
offer some advantages. 

In this study, data concerning the effect of 
carbon dioxide on coronary blood flow are 
available. Consistent with observations made by 
other groups (Vance, Brown and Smith, 1973; 
Case, Greenberg and Moskowitz, 1975; Vance et 
al., 1979; Van den Bos, Drake and Noble, 1979), 
we have observed that hypocarbia caused 
significant reductions of coronary blood flow and 
of Pcso, while the arterial to coronary sinus oxygen 
content differences increased. In response to 
hypercarbia, large increases of coronary blood flow 
and of coronary sinus oxygen tension were 
observed while the arterial to coronary sinus 
oxygen content difference decreased. After 
adrenergic ^ beta-receptor blockade with 
oxprenolol, the effects of hypocarbia on coronary 
blood flow, arterial to coronary sinus oxygen 
content difference, Pcs), and Vmo, were 
essentially the same as before blockade. The effect 
of hypercarbia on coronary blood flow was 
minimized by adrenergic beta-receptor blockade. 
However, an increase of coronary blood flow by 
34% accompanied by an increase in me, of only 
5% indicates that carbon dioxide caused coronary 
vasodilatation even though the adrenergic beta- 
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receptors were blocked. Case and his colleagues 
(1978) have used propranolol in a few of their ex- 
periments and observed that hypercarbia caused 
coronary vasodilatation even in the presence of 
beta-adrenergic receptor blockade. Van den Bos, 
Drake and Noble (1979) found no increase of 
coronary blood flow in response to hypercapnia 
after administration of sotalol. However, in their 
study there was, surprisingly, no increase of cor- 
onary blood-flow, even in the absence of beta- 
adrenergic receptor blockade in the range of Pco, 
3-11 kPa. Our data suggest that, within this 
range, carbon dioxide causes coronary vasodilata- 
tion irrespective of the integrity of beta-adrenergic 
mechanisms. 

The possible clinical implications of this study 
are three-fold. First, the effect of oxprenolol on the 
circulation appears to be of small magnitude and 
the response to hypercarbia is not inverted; such 
findings suggest that intrinsic sympathomimetic 
activity could be of clinical significance. Second, 
the carbon dioxide-induced alterations of 
coronary blood flow do not appear to be mediated - 
by beta-adrenergic mechanisms; third, hypocarbia 
with or viithout adrenergic beta-receptor blockade 
is capable of severely reducing coronary blood flow . 
and Pcso,, indicating reduced myocardial oxygen 
availability. 
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INTERACTIONS DU BLOCAGE ADRENERGIQUE 
DU RECEPTEUR BETA (OXPRENOLOL) ET DE LA 
Pco, SUR UN CHIEN ANESTHESIE: INFLUENCE 
DE L'ACTIVITE SYMPATHOMIMETIQUE BETA 
INTRINSEQUE 


RESUME 


On a étudié sur 10 chiens, dont la poitzine était ouverte et les 
poumons venulés avec de l'halothane à C,8% dans de l'oxygène, 
les effets de la variation de la Paco, sur l'hemodynamique 
coronaire et systémique et sur les gaz et le sang du sinus 
coronaire, avant et aprés l'administration par voie intra- 
veneuse d'oxprénolol à raison de 0,3 mg kg^!. La réaction 
hyperdynamique de la circulation à hypercapnie n'a été réduite 
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que marginalement aprés Padmumstration d'oxprénolol (le 
débit cardiaque a augmenté de 10%—par opposition à 16% 
avant l'administration d'oxprénolol) Avant et aprés l'adminis- 
tration d'oxprénolol, l'hypocapnie a entraîné de fortes dimi- 
nutions du débit sangin coronaire ( — 24% et — 20% respective- 
ment), alors que l'hypercapnie a cause de fortes augmentations 
du débit sanguin coronaire ( +59% et +34% respectivement). 
L’oxprenolol ne semble pas modifier d'une manière signifi- 
cauve la réaction circulatoire aux modifications de la tension du 
gaz carbonique arténel. 


WECHSELWIRKUNGEN ‘ZWISCHEN 
ADRENERGISCHER BETA- 
REZEPTORBLOCKIERUNG (OXPRENOLOL) UND 
Pco, BEIM NARKOTISIERTEN HUND: EINFLUSS 
DER SPEZIFISCH SYMPATHIKOMIMETISCHEN 
AKTIVITAT 


ZUSAMMENFASSUNG 


Wirkungen einer Veranderung von Pago, auf systemische und 
Koronarhamodynamik und auf  Koronar-Sinusblutgase 
wurden im gedffmeten Brustraum von 10 Hunden studiert, 
deren Lungen mit 0,896 Halothan in Sauerstoff beluftet 
wurden—vor und nach intravenoser Verabreichung von 
0,3 mg kg” ! Oxprenolol. Die hyperdynamische Reaktion des 
Kreislaufs auf Hyperkapnie war darauf nur sehr schwach 
reduziert (Herzminutenvolumen stieg um 10% im Gegensatz 
zu 16% vor Oxprenolol). Vor und nach der Droge wurde der 
Koronarblutfluss durch Hypokapnie stark reduziert ( — 2496, 
bezw. —20%), wabrend er durch Hyperkapnie stark erhoht 
wurde (+59%, bezw. +34%). Oxprenolol scheint die 
Kreislaufreaktion nicht wesentlich zu beeinflussen, was 
Anderungen der artenellen Kohlendioxydspannung betrifft. 


INTERACCIONES ENTRE EL Pco, Y EL RECEPTOR 
BETA ADRENERGICO DE BLOQUEO 
(OXPRENOLOL) EN EL PERRO ANESTESIADO: 
INFLUENCIA DE LA ACTIVIDAD BETA 
SIMPATOMIMETICA INTRINSECA 


SUMARIO 


Se estudiaron los efectos del cambio en Paco, en las hemo- 
dinánucas sistémicas y coronarias, y en los gases sanguineos de 
las cavidades coronarias en 10 perros a pecho albterto, en los 
que los pulmones se ventlaron con oxigeno al 0,8% de 
halorano, antes y después de la administración de 0,3 mg kg” ' 
de oxprenolol inrravenoso. La respuesta hiperdinámica a la 
bipercapnia se redujo tan sólo de forma parcial despues del 
oxprenolol (la producción cardiaca aumentó en un 10% en 
oposición a un 16% antes del oxprenolol). Antes y después del 
oxprenolol, la hipocapnia ocasionó grandes reducciones del 
flujo sanguineo coronario (—24% y —20% respectivamente), 
al nempo que la hipercapnia ocasionó grandes incrementos de 
dicho flujo (+59% y +34% respecuvamente) El oxprenolol 
no parece modificar de forma significauva la respuesta 
circulatoria a las variaciones de dióxido de carbono en la tensión 
arterial . 
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IN MAN 


PHARMACOKINETICS AND ANALGESIC EFFECT_OF KETAMINE 


J. A. CLEMENTS AND W. S. Nimmo 


SUMMARY 
. The pharmacokinetics and analgesic effect of i.v. AS ug kg” ' and 250 pg kg” ' were 
determined in five healthy volunteers. Analgesia was measured with the submaximal effort tourniquet 
test. Both doses of ketamine prolonged the period of pain-free ischaemic exercise while the plasma 
ketamine concentration was greater than 100 ng ml~'. Ketamine was distributed rapidly (7,*=17 min). 


The elimination half-life was 186 min. 


Ketamine — (2-o-chlorophenyl-2-methylamino- 
cyclohexanone) rapidly produces sleep following 
iv. injection of 1-2mgkg” '(Ghoneim ‘and 
Korttila, 1977). It has analgesic properties (Caro, 
1974; Wilson, Herrin and Richey, 1978) and has 
been used as repeated iv. injections of 
0.5 mg kg” ! or as an infusion of 1-2 mg min”? to 
provide analgesia after operation (Ito and 


E Ichiyanagi, 1974; Clausen, Sinclair and Hasselt, : 


1975; Austin, 1976). 

We have investigated the pharmacokinetics and 
analgesic activity of i.v. ketamine at two dose 
concentrations. 


METHODS 


Five casting healthy adult males (age 33.8 + 1:4 yr, 
(SEM) height 1.83 +0.02 m, weight 74.8 2.1 kg) 
were studied on three occasions.at least 1 week 
apart: once after ketamine 250 pg kg ^ !, once after 
ketamine 125 ug kg^! and once after a placebo 
injection of saline. T'he order was randomized and 
the test injection was given i.v. to the antecubital 
vein over a period of 15 s. Neither the subject nor 
the person recording the pain score was aware of 
the nature of tbe injection. Blood samples were 
taken from a venous cannula distal to the injection 
site in the dominant arm at intervals for 7h. 


Plasma was separated and analysed for ketamine ` 


and, its two metabolites by gas-liquid 
chromatography. eg : 
Analgesia 


The method used was similar to. that of Harrison 
and Bigelow (1943). With: “the: ‘subject supine, a 
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do eU cuff on the non-dominant 
arm was inflated to 250 mm Hg and the subject 


‘was required to squeeze a rubber ball once per 


second. At 15-s intervals he was asked to describe 
pain in the forearm as none, mild, moderate or 
severe. When the pain became intolerable, the 
sphygmomanometer cuff was immediately de- 
flated and the “tourniquet time" noted. Subjects 
were tested at 5-min intervals for a 30-min control 
period. Ketamine (Ketalar, Parke Davis) or saline 
was then injected and the subject tested at 5-miri 


, intervals for 20 min and then at 10-min intervals 


for a further 40 min. Tests of statistical signifi- . 


' cance were carried out by paired r test. 


Ketamine analysis 

Plasma samples were analysed for ketamine, 
norketamine (metabolite I) and dehydro- 
norketamine (metabolite II) as their hepta- 
fluorobutyryl derivatives using a gas—liquid chro- 
matograph with electron-capture detection (Walle 
and Ehrsson, 1970; Chang and Glazko, 1972). 

The extraction and derivatization procedure 
was that of Chang and Glazko (1972) with the 


` following modifications. Toluene was used as the 


solvent; derivatization was carried out using pyri- 
dine 20 plitre and heptafluorobutyric anhydride 
20 litre and by heating for 10 min at 40 °C. Oven 


“temperature was maintained at 195 °C. The elec- 
tron capture detector (nickel-63 source) was set at 
` a pulse frequency of 6 kHz and operated at 250 °C. 


The internal standard was 2-o-bromophenyl-2- 
methylaminocyclohexanone hydrochloride. Peak 
height ratio (analyte : internal standard) was pro- 
portional to the concentration in plasma for ke- 
tamine in the range 20-200 ng ml ! and for meta- 
bolites I and Ii in the range 10-100 ng ml ^ !. The 
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coefficients of variation for replicate analyses 
(n = 5) on standard solutions were 5.3% (concen- 
tration 50 ng mi” !) for ketamine and 7.4% (con- 
centration 500 ng mil” !) for metabolite I. 

After mixing the internal standard solution 
(1.0 ml) and the plasma sample (1.0 ml), the 
solution was carried through the assay procedure. 
The concentrations were calculated from peak 
height ratios with reference to standard solutions 
run on the same day. All plasma samples were 
analysed in duplicate. 
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RESULTS 


Pain measurements 

Ketamine. prolonged the period of pain-free 
ischaemic exercise as shown by the pain scores at 
15-s intervals (fig. 1) and by the “tourniquet 
times” (table I). In the 30-min period before 
injection the “tourniquet times” did not differ 
significantly from one another and the pain scores 
were the same in all three groups; moderate to 
severe pain was experienced within 60 s of inflation 
of the cuff. Immediately after the administration of 
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Fic 1. The effect of ketamine on pain of ischaemic exercise in five subjects. A = before drug; B = 0 min; 
c=5min, D = 10 min. Pain scores: 0 = no pam; 1 = mild pain; 2 = moderate pain; 3 = severe pain. 


O-—O = Control; 0—0 = ketamine 125 ug kg” RB 


ketamine 250 ug kg" !. 


TABLE I Times to reach intolerable pain during ischaemic exercise of the arm (“tourniquet times”). Mean 
nmes ŁSEM (s). n.s. = Not significantly different from control times before wyection. * Significantly greater than 
times before injection (P <0.05) 





Time after injection 


Before > 
Study injection 0 5 min 10 mun 15 mın 
Control 81.4+6.0 89.2+5.6 84.645.4 86.84+8.5 - 87.0+8.3 
Ketamine 75.8+7.9 106 +13* 105 +23* 75.244.0 T4.445.4 
250 ug kg” ' ER? 
Ketamine ° 74.4451 94.2 +4.3* 76.646 6 73.6 4.3 69.8+3.6 
125 pg kg! n.s. 
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either dose of ketamine and also at 5 min after the 
larger dose, the pain was graded as none to mild at 
75 s. Similarly, immediately after both doses of 
ketamine and also 5 min after the larger dose, the 
“tourniquet time" was significantly prolonged. At 
other times and following placebo injection, pain 
scores and “tourniquet times" were similar to 
those recorded in the period before injection. T'hus 
the analgesia produced by Ketamine 250 ug kg” * 
i.v. lasted more than 5 min while that produced by 
125 ug kg ^! lasted less than 5 min. 


ës 

Plasma ketamine concentration-time data were 
fitted satisfactorily by a two-compartment open 
model by non-linear regression analysis (Clements 
and Prescott, 1976). Typical results in one subject 
are given in figure 2. There were no significant 
differences in any of the pharmacokinetic para- 
meters following either dose (table 11). The mean 

200 
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Fic. 2. Plasma concentrations of ketamine following i.v. 
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injection of 125 ugkg ' (O——O) '(lower trace) and 
250 ug kg" ! (0——4) (upper trace) 1n one subject. 


TABLE TI. Pharmacokinetic values (mean + SEM) for ketamine 
after i.v. bolus injection of 250 ug ke ! or 125 pg kg '(n = 5) 


Value - 250 pg kg” ' 125 ug kg" 

A, (ng ml) 108 + 14 82+12 
A, (ng ml” D 3942 . 22+1 
a (min”!) 0.0394 +0.0029 0.0443 +0.0014 
B (min 5) 0.0038 + 0.0002 0.0039 +0.0004 
V? (litre kg !) 5.1403 4240 
V* (litre kg^ +) 31404 ` 2.1403 
Clearance n 

(ml min”! kg^ ") 19.1+1.1 16.3+1.3 
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terminal plasma half-life was about 3 h and the 
total body clearance was 17 mlmin” "kel, 


. Plasma concentrations of norketamine increased 


rapidly and reached a mean peak concentration 
of 40+14ngml"'(+SEM) at 75 min . and 
21+3ngml~! at 45 min after the larger and 
smaller dose respectively. No dehydro- 
norketamine was detected in plasma samples in the 
study; if present, the concentration was less than 
the limit of detection of 50 ng ml !. 


DISCUSSION 


Previous studies of ketamine in patients have been 


performed with infusions (Ito and Ichiyanagi, 
1974; Clausen, Sinclair and Hasselt, 1975) and 
there is little information on the duration of action 
of a single analgesic dose of the drug. In our study a 
single injection of 250 ug kg”! increased the pain 
threshold for more than 5 min at a time when the 
plasma ketamine concentration was greater than 
100 ng oi !. 

The early rapid disposition of ketamine with a 
mean half-life of 17 min is consistent with a high 
oil: water partition coefficient (Cohen and 
Trevor, 1974) and extensive distribution within 
the body (White et al., 1976). The pharmaco- , 
kinetic values following the smaller and larger 
doses did not differ significantly, suggesting that 
disposition of ketamine is not dose-dependent in 
this range. The pharmacokinetics of ketamine in 
analgesic doses have not been reported previously. 
. In patients receiving an anaesthetic dose of 
ketamine, plasma half-lives of 17 min and more 
than 4 h have been reported for the fast (a phase) 
and slow (B phase) disposition phases respectively 
(Chang et al., 1970; Chang and Glazko, 1972). A 


plasma half-life of 79 min has recently been rep- 


orted in patients who had received an i.v. infusion 
(Idvall'et al., 1979). In a study of five anaestheuzed 
patients receiving ketamine 2.5 mgkg !, the 
plasma concentration-time data fitted a two- 
compartment open model; the mean disposition 
half-lives of 11 min and 151 min (Wieber et al., 
1975) are in good agreement with the values in 
our study (17 min and 186 min respectively). In 


addition, the values of the apparent volume of 


distribution (214 litre) and total body clearance 


"(1.23 litre min!) were similar to the values ob- 


tained in our study (347 litre and 1.32 litre min” ! 


respectively). This suggests,that the pharmacoki- 


, netics of ketamine are not markedly altered by the 


dose over'a 20-fold range. 
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In patients receiving ketamine 2.2 mg kg™', 
consciousness returned 9-20 min after the i.v. 
injection when plasma concentrations were in the 
range 700-1120 ng ml” ! (Little etal., 1972). After 
1.v. infusion, consciousness returned when plasma 
concentration was less than 640 ng ml” ' (Idvall et 
al., 1979). It appears that the analgesic effect of 
ketamine occurs at much lower concentrations 
than the anaesthetic effects. 
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PHARMACOCINETIQUE ET EFFET ANALGESIQUE 
DE LA KETAMINE CHEZ L'HOMME 


RESUME 


La pharmacocinetique et les effets analgésiques de 
l'administration de kétamine par voie intraveineuse en doses de 
125 ug kg^ ! et de 250 jig kg ' ont etè determines sur cinq 
volontaires en bonne santé L’analgésie a été mesurée à l'aide de 
l'essai du tourniquet à effort submaximal. Les deux doses de 
kétamune ont prolongé la periode d'exercice 1schémique sans 
douleur alors que la concentration de ketamine dans le plasma 
était supérieure à 100 ng ml”'. La kétamine s'est répartie 
rapidement (T, ° = 17 min) Lademi-vie d'éliminanion a été de 
186 min. g 


PHARMAKOKINETISCHE UND ANALGETISCHE 
WIRKUNG VON KETAMIN BEIM MENSCHEN 


ZUSAMMENFASSUNG 


Besagte Ketamn-Wirkung von intravenosen Dosen zu 
125 ug kg” ' und 250 ug ke ' wurde be: funf gesunden Frer- 
wilhgen untersucht. Die schmerzlndernde Wirkung wurde 
mit dem untermaximalen Knebelwırkungstest gemessen 
Beide Ketamin-Dosen verlängerten die Periode der schmerz- 
freien ischamischen Übung, wahrend die Ketamin-Plasma- 
konzentration uber 100 ng m! ^! lag Ketamin wurde rapide 
verteilt (T,^ — 17 mn). Die Ausscheidungs-Halbwertszeit 
betrug 186 uten 


EFECTOS FARMACOCINETICOS Y ANALGESICOS 
DE LA KETAMINA EN EL HOMBRE 


SUMARIO 


Se determinaron en cinco voluntarios sanos los efectos farma- 
cocinéticos y analgésicos de la ketamina intravenosa, en dosis de 
125 ugkg 'yde250 ug kg" ' La analgesia se midio con la de 
torniquete de esfuerzo supramàximo Ambas dosis de ketamina 
prolongaron el periodo 1squémico sin dolor, mientras que la 
concentración de ketamina en el plasma fue superior a 
lO0ngml '. La ketamina se distribuyó rápidamente 
(T,' = 17 mun). El periodo de vida media para la eliminación 
fue de 186 min 


Br. J. Anaesth. (1981), 53, 31 


THE PHARMACOLOGY OF ATRACURIUM: A NEW COMPETITIVE 


NEUROMUSCULAR BLOCKING AGENT 


^ R. HUGHES AND D. J. CHAPPLE 


SUMMARY 


Atracurium besylate, 2,2'-(3,11-dioxo-4,10-dioxatridecylene)-bis-[6,7 -dimethoxy- 1 -(3,4-dimethoxy- 
benzyl)-2-methyl-1,2,3,4-tetrahydroisoquinolhinium] dibenzenesulphonate, 15 one of a new senes of 
competitive neuromuscular blocking agents. An i.v. dose of 0.25 mg kg” ' produced complete paralysis ın 
anaesthetized cats, dogs and rhesus monkeys; paralysis was of medium duration and was readily 
antagonized by neosngmine. Vagal blockade occurred only after doses 8-16 times greater than the full 
neuromuscular paralysing dose and effects on sympathetic mechanisms were minimal. Hypotension and 
bradycardia were evident after supramaximal doses of 4 mg kg” ! 1.v. and these effects, together with 
circulatory depression, were probably attributable to histamine release. Jn vitro studies have shown that 
the non-enzymic decomposition of atracurium by “Hofmann Ehmination" was enhanced by increasing 
pH. In vivo neuromuscular paralysis was significantly reduced when the arterial pH was increased. There 
were indications that neither the liver nor the kidney plays a major rcle 1n the metabolism and elimination 
of unchanged drug. These results are of sufficient interest to merit the evaluation of atracurium in 


anaesthenzed man. 


All competitive neuromuscular blocking agents 
currently in general use, in addition to their 
actions at the neuromuscular junction, inhibit 
cholinergic transmission at autonomic sites and 
may produce undesirable cardiovascular side- 
effects (Hughes and Chapple, 19768). 
Furthermore, all show a significant increase in the 
duration of neuromuscular blockade when ex- 
cretion is inhibited by renal insufficiency 
(Wingard and Cook, 1977). Atracurium besylate, 
2,2'-(3,11-dioxo-4,10-dioxatridecylene)-bis-[6,7- 
dimethoxy -1- (3,4-dimethoxybenzy]) -2- methyl- 
1,2,3,4-tetrahydroisoquinolinium] dibenzenesul- 
phonate, is one of a new series of neuromuscular 
blocking agents, which has been developed in an 
attempt to overcome the disadvantages of such 
drugs (Stenlake, 1979). 

The chemical structure of atracurium is shown 
‘in figure 1 and the arrows indicate the likely 
metabolic pathways. These are (1) an enzymic 
ester hydrolysis to give the monoquaternary meta- 
bolites and (2) decomposition by what is called 
“Hofmann Elimination”. Under mild alkaline 
conditions fission occurs at the quaternary nitro- 
gen to give laudanosine as the main metabolite 
(Stenlake, 1979). No other available neuromus- 
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cular blocking agent undergoes this kind of break- 
down at physiological pH. Moreover, we have 
verified that the metabolites from both potential 
metabolic pathways are without neuromuscular 
and cardiovascular effects in amounts greatly in 
excess of those likely to be present after neuromus- ` 
cular blocking doses of atracurium (Hughes and 
Chapple, 1978). 

We now report in detail the pharmacology of 
atracurium in laboratory animals, and a com- 
parison with known drugs, in order to assess the 
clinical potential of this agent. A preliminary 
account cf this work has been presented to the 
Anaesthetic Research Society (Hughes and 
Chapple, 1980). 


METHODS 


Nerve—muscle preparations 

Isolated chick biventer-cervicis preparations 
were set up in Krebs solution at 35°C and 
equilibrated with 95% oxygen and 5% carbon 
dioxide. The nerve was stimulated at 0.12 Hz with 
rectangular pulses of supramaximal voltage and 
duration and the muscle responses were recorded 
on a smoked drum. 

Cats cf either sex weighing 2.6-3.7 kg were 
studied efter anaesthesia had been induced with 
2-5% halothane and maintained with chloralose 
60-80 mg kg”! i.v. and sodium pentobarbitone 
18-24 mg kg”! i.v. after cafinulation of a jugular 
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Fic. 1. Chemical structure of atracurium; the arrows indicate the likely metabolic pathways. 
vein as described previously (Hughes and techniques were used on beagle dogs of either sex 


Chapple, 1976a). The twitch responses of the right 
gastrocnemius muscle were elicited by stimulation 
of the sciatic nerve at a frequency of 0.1 Hz with 
rectangular pulses of supramaximal voltage and 
0.1—0.15 ms duration. In most experiments the left 
gastrocnemius muscle was stimulated indirectly 
with tetanic pulses of 30-35 Hz for 1 s every 10 s. 
Arterial pressure was measured from the carotid 
artery and breathing was monitored with a ther- 
mistor placed inside a tracheal cannula. The 
electrocardiogram was recorded from chest leads 
and heart rate from a  cardiotachometer. 
Simultaneously, effects on autonomic mechanisms 
were assessed by stimulating at the cervical vagus 
nerve for 10s at 10-20 Hz, and measuring the 
ensuing bradycardia (parásympathetic), and the 
cervical sympathetic nerve for 60 s and recording 
the induced contractions of the nictitating mem- 
brane. Oesophageal temperature was measured 
with a probe and maintained at 36-37 °C. Similar 


weighing 8.6-14.9 kg and analogous procedures 
were carried out using rhesus monkeys of 
2.8-4.1 kg as described by Hughes and Chapple. 
(1976b). In monkeys anaesthesia was induced with 
thiopentone 25 mg kg” i.v. and maintained with 
50% nitrous oxide in oxygen supplemented by 
thiopentone 5-12 mgkg™'i.v. when required. 
Effects on sympathetic mechanisms were investi- 
gated by measuring the vasopressor response to 
carotid occlusion for 10 s. During neuromuscular 
paralysis ventilation of the lungs of the cats and 
dogs was with air using a Starling Ideal pump and 
of the rhesus monkeys with nitrous oxide and 
oxygen using a Phillips AV1 Ventilator. 
Interaction with halothane 

Initially, dose-response curves for neuromus- 
cular blockade of the single twitch response of the 
gastrocnemius muscle by atracurium were es- 
tablished in cats anaesthetized with chloralose 
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followed 60-90 min later by inhalation of concent 


rations of 1 or 2% halothane. The same doses were _ 


then repeated 30-60 min after beginning the ad-. 
ministration of halothane. A cross-over design was 
adopted i in which the sequence’ of administration 
was reversed. In half the cats used, the control 
dose-response curves for EEN followed 
120 min after the interaction study with halothane. 


, Cholinesterase inhibition 


The enzyme was extracted from human skeletal * 


muscle and prepared as a suspension in phosphate 
buffer at pH 8. Enzymic activity was measured as 
described by Ellman and others -(1961) using 
acetylthiocholine 0.5 mmol litre”! as substrate. 


Each drug was tested at a range of concentrations ` 


and the results expressed as the concentration 
causing 50% reduction in the rate of hydrolysis of 
substrate compared with the non-inhibited con- 
trols Cso). Bos 


H ee studies 
These were carried out on open-chest beagle 
dogs anaesthetized with chloralose using tech- 
- niques described in detail elsewhere (Hughes, 
' 1971). An electromagnetic flow sensor was placed 
around the root of the ascending aorta to record: 
aortic blood flow and a stiff polyethylene catheter 
inserted down the left carotid artery to measure 
aortic pressure. The flow signal was integrated to 
obtain cardiac output (less coronary flow) and 
differentiated to derive maximum acceleration (an 
index of myocardial contractility). Peripheral vas- 
cular resistance was computed by dividing mean. 
aortic pressure by mean aortic flow. : 
‘Inotropic and chronotropic effects were assesed 
using guineapig atria preparations set up at 35°C 
in modified Ringer Z solution bubbled with 95%: 


oxygen and 5% carbon dioxide. The force ahd: 


: frequency of each contraction were recorded with 
a displacement transducer. 


Hit release : : 
Histamine release was studied in beagle dogs 
anaesthetized with chloralose. Initially, effects of 
atracurium, tubocurarine (for comparison) and 
histamine on carotid pressure were established in 
each dog. I.v. injections of 10 mg kg” ! of the H,- 
receptor antagonist mepyramine and 15 mg kg: ' 
of the H,-receptor antagonist burimamide or, 
cimetidine were then given, followed by histamine 
to ascertain that its vasodepressor response was 
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"blocked. The established doses of atracurium and 


tubocurarine were repeated to determine their 
effects on carotid pressure during histamine- 
receptor blockade. 


Changes in acid-base balance 

Effects of respiratory and metabolic acidosis and 
alkalosis an neuromuscular blockade of the tetanic 
and single twitch responses of the gastrocnemius 


' muscles by atracurium were investigated in groups 


of cats anaesthetized with chloralose using tech- 
niques described previously (Hughes, 1970). 
Arterial blood was sampled frequently for measur- 
ement of pH, Pco; and Po,. Controlled venti- 
lation was used throughout. I.v. doses of atra- 
curium were given before, during and after the 
imposed changes in acid—base balance; intervals of 
45-85 min were allowed between doses. - 


Eliminaticn of atracurium 

A cannula was placed in a branch of the hepatic 
portal vein of anaesthetized cats so that atracurium 
‘could be administered through the liver. A cross- 
over design was adopted so that half the cats first 
received increasing -doses of atracurium through 


. the hepatic portal vein, after which dose-response . 


curves were obtained for neuromuscular blockade 
of the single twitch response of the gastrocnemius 
muscle. After an interval of 120 min from the last 
dose, when recovery was complete, the same 
sequence cf doses was given through the jugular 
-vein and dose-response curves established for this 
‘route; in the other cats the order of administration 
Was reversed. 

In other tests, increasing doses of atracurium or 
gallamine (for comparison) were given to-anaes- 
thetized cats to establish dose-response curves for 
neuromuscular blockade. After an interval of 
60 min fronr the last dose, when recovery was 
complete, renal function was abolished by ligating 
the renal artery and vein and ureter of each kidney. 
Sixty minutes later administration of the same 
range of dcses of atracurium and gallamine was 
repeated to obtain dose-response curves in the 
absence of renal function. 


Drugs . 


Solutions of drugs were made in NaCl 


"9 mg ml”! and those of atracurium were acidified 


by addition of one drop of acetic acid 2 mol litre"! 
to 2-4 ml of solution to maintain pH in the 
optimum range of stability. Doses stated are those 
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of the dibesylate salt of atracurium, the dibromide 
of dimethyltubocurarine, fazadinium and pan- 
curonium, the chloride of edrophonium and 
acetylthiocholine, the dichloride of alcuronium, 
suxamethonium and tubocurarine, the di-iodide of 
decamethonium, the hydrochloride of cimetidine, 
the tri-ethiodide of gallamine, the maleate of 
mepyramine, the methylsulphate of neostigmine, 
the acid phosphate of histamine, the sulphate of 
physostigmine. A solution of burimamide was 
obtained by suspending the drug in 0.9% sodium 
chloride and acidifying with a minimal volume of 
HCI 1 mol litre" !. 


Analysis of results 
Statistical analysis was with Student's t-tests. 


y RESULTS 
Neuromuscular studies 
Bath concentrations of atracurium 


0.5-1.0 fig ml~!, like those of other competitive 
Atracunum O 25 mg kg lv. 
: Caratid pressure 


Resp r——- Artificial ventilation 


l 
Gastrocnemius twitches 0.1 Hz 


Nictitating membrane 


{ 


S S 


Fic. 2. Tracing from a cat anaesthetized with chloralose. A dose of atracurium 0.25 mg kg ^ 
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agents tubocurarine (0.5-1.0 ug ml” !) and galla- 
mine (10 ug ml” D, caused blockade of the iso- 
lated chick biventer-cervicis preparation without 
producing an initial contracture. The block was 
antagonized by physostigmine2 ug ml” ! and edro- 
phonium Zug ml ! and reversed by washing 
out the bath medium and refilling with fresh Krebs 
solution. In contrast the blocking action of the 
depolarizing drugs, suxamethonium 0.1 ug ml) 
and decamethonium 0.05 ug ml” *, was preceded 
by an initial contracture. Blockade was potentiated 
by edrophonium but reversed by washing out. 
In anaesthetized cats, i.v. doses of atracurium 
0.25 mg kg ^! were sufficient to cause complete 
neuromuscular blockade of the single twitch and 
tetanic responses of the gastrocnemius muscle and 
to arrest breathing (fig. 2). The results in cats, and 
thosein dogs and rhesus monkeys, are summarized 
in table I. The dose estimated to produce 50% 
paralysis shows that, for each species studied, the 
tetanic response was significantly more sensitive to 


opene aeee —— 


min i c 
CLE Cac 
V 
— — Resp 








S 
! Lv. arrested 


breathing and abolished the single twitch and tetanic responses (30 Hz) of the gastrocnemius muscle to 

indirect sumiflation. Effects on carotd arterial pressure, heart rate, vagal-induced bradycardia and 

contractions of the nictitating membrane in response to sympathetic nerve stimulation were minimal. 
S = sympathetic nerve stimulation, 10 Hz. V = vagal nerve sumulation, 10 Hz. 
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neuromuscular block than the single twitch and 
that atracurium was significantly more potent in 
dogs than in either cats or rhesus monkeys. The 
time-course of neuromuscular blockade is also 
indicated in table I. The onset of maximum block 
was shorter with the greater doses whereas the 
time taken to reach full recovery was more pro- 
longed. The time-course of the single twitch and 
tetanic contraction was not significantly different 
when doses which produced the same degree of 
block of these responses were compared. 

In each species studied blockade of the single 
and tetanic responses of the gastrocnemius by 


Atropme OB mg kg" iv 
a 


D a ventilation  -——————— Resp 


Gastrocnemus twitches 01 Hz 


Ü o 


Fic. 3. Tracings from a cat anaestheuzed with chloralose given 

atracunum 4 mg kg”! 1.y. Approximately 70 mun later; neos- 

tigmine 91 mg kg”! 1.v., preceded by atropine 

0.15 mg kg” ! 1.v. rapidly antagonized blockade of the single 

twitch and tetanic responses (35 Hz) of the gastrocnemine 
muscles. 


UIN 4mgkg'iv 


TABLE II. Rate constants for recovery "of the rm tetamc 
contraction of the gastrocnemius muscle using the first dose of each 
drug which caused complete neuromuscular block in groups of 
rhesus monkeys. Mean values are quoted with SEM. Asterisks 
denote rate constants ngmficantly different from that of atra- 
curtum at the S% (*) and 0.1% (***) levels respectively 


Dose i.v. Rate constant 
Drug (mgkg™')  (% per min) 
Atracurium 0.25 9.2+0.5 
(1 = 7) 
Tubocurarine “025 4.4 40.6*** 
(n= 4) 
Dimethyl! tubocurarine 0.04-0.12 6 6+0.8* 
(n = 4) 
Gallamine 0.5-2.0 7840.8 
(n = 4) * 
Alcuronium 0.08-0.16 6.81.7 
(n — 4) 
Pancuronium 0.01-002 , 10.610. 
(n — 4) D 
Fazadinium 0.5 8.2414 
(n = 4) 
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atracurium was readily antagonized by neostig- 
mine 0.05 mgkg ! i.v. and by edrophonium 
0.2 mg kg ` i.v. Figure 3 shows a typical antagon- 
ism by neostigmine in an anaesthetized cat. 
Recovery from atracurium was compared with 
that from established competitive blocking agents 
using rate constants for recovery of the peak 
tetanic contraction in rhesus monkeys (tablé II). 
These rate constants show that recovery from 
neuromuscular blockade by atracurium was signi- 
ficantly faster than that from tubocurarine and 
dimethyl tubocurarine, but was comparable to 
recovery from pancuronium and fazadinium. 
Although the rate constants for gallamine and 
alcuronium were less than that for atracurium, the 
differences were not significant. 


Interaction with halothane 

In dose—response curves obtained from four 
anaesthetized cats, the doses of atracurium es- 
timated to produce 50% neuromuscular paralysis 
were 0.110+0.007 mg kg ! i.v. in the presence of 
1% halothane and 0.142 +0.016 mg kg ^! i.v. in 
controls. without halothane. The value for 2% 
halothane was 0.130 +0.032 mg kg”! i.v.; control: 
0.183 +0.035 mg kg”! i.v. These results for both 
1 and 2% halothane were not significantly dif- 
ferent from the respective controls. Although 
the mean time taken for recovery after 
complete blocking - doses of atracurium 
0.250.5 mg kg ! i.v. was 
22+2.6 min to 32+3.3 min with 1% halothane 
and from 24+3.6 min to 51 +18.5 min with 2% 
halothane, differences from the controls did not 
achieve significance. 


Cholinesterase inhibition 

The IC, (pmol litre” !) values for inhibition of 
human cholinesterase with acetylthiocholine as 
substrate, for neostigmine, atracurium and known 
neuromuscular blocking agents were: neostig- 
mine, « 1; fezadinium, 2; pancuronium, 14; alcu- 
ronium, 55; atracurium, 56; tubocurarine, 140; 
gallamine, 900; dimethyl tubocurarine, 1000. 

The inhibitory activity of atracurium was less 
than that of neostigmine, fazadinium and pan- 
curonium, but greater than that of tubocurarine, 
gallamine and dimethyl tubocurarine. 


Autonomic and cardiovascular éffects 
Recordings from an anaesthetized cat (fig. 2) 
show that the bradycardia induced by vagal nerve 


increased from ` 
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stimulation, and the contraction of the nictitating 
membrane in response to sympathetic stimulation, 
were unimpaired after a dose of atracurium 
0.25 mg kg” ! i.v. Dose-response curves for atra- 
curium obtained from the results in anaesthetized 
cats, dogs and rhesus monkeys demonstrate that 
there is a wide separation between the doses 
required for neuromuscular paralysis and those 
that inhibit autonomic mechanisms. For example, 
figure 4 shows that atracurium caused appreciable 
vagal blockade only at doses 16 times the full 
neuromuscular paralysing dose in seven anaesthe- 
tized rhesus monkeys and that impairment of 
sympathetic function was minimal. Results in six 
anaesthetized cats and four anaesthetized dogs 
were similar. 

In table III the doses required to produce 50% 
vagal block and 50% neuromuscular block have 
been estimated from the dose-response curves 
obtained from six anaesthetized cats and the ratios 
of these doses have been calculated. Results for 
known competitive neuromuscular blocking 
agents, quoted for comparison, have been reported 
previously (Hughes and Chapple, 1976a, b). 
There was a wide separation between the vagal and 
neuromuscular blocking doses for atracurium and 
dimethy] tubocurarine. For pancuronium and al- 
curonium, the separation between these doses was 
significantly less than that for atracurium and the 
separation had virtually disappeared for tubocu- 
rarine. In contrast, vagal blockade with gallamine 
and fazadinium occurred with doses less than 
those required for neuromuscular paralysis. 

The lack of cardiovascular effect is illustrated in 
figure 2, which shows a tracing from an anaesthe- 
tized cat given atracurium 0.25 mg kg” ! i.v. The 
small transient changes in arterial pressure and 
heart rate were probably an artefact associated 
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Dose (mg kg” 1v) s 

FIG. 4. Dose-response curves showing blockade of neuromus- 
cular and autonomic mechanisms by atracurium given to seven 
anaesthetized rhesus monkeys (each point represents the mean 
of seven obse-vations). O——© = Percentage inhibition of the 
tetanic responses of the gastrocnemius muscle to indirect 
stimulation at 30 Hz for 1 s every 10 8; @——@ = percentage . 
inhibition of the twitch responses of the gastrocnemius muscle 
to induce stimulation at 0.1 Hz; yy---y% = percentage in- 
hibinon of the bradycardia responses to vagal snmulation at 
10-20 Hz for 10 s;A -A = percentage inhibition of the vasop- 
ressor responses to caroud occlusion for 10 s. Vertical lines 
indicate SEM. 


with the bolus injection and the commencement of 
artificial ventilation. The wide separation between 
the neuromuscular and cardiovascular effects of 
atracurium in six anaesthetized cats is shown in 
figure 5. Small insignificant increases in mean 
arterial pressure occurred after doses of 


"TABLE III. Dose ratios for 50% vagal block (EDs) and 50% neuromuscular (NM) block (ED,,) by 

atracurium in comparison with those for known competitive blocking agents in groups of anaesthetized cats. 

Mean values are quoted with SEM. Asterisks denote ratios significantly different from that of atracurium at 
the 5% level (*) 


H 





Neuromuscular Vagal block NM block vagal ED so 

blocking agent n _EDso (mg kg"? Lv.) EDs, (mg kg" ' 1.v.) NM ED;, 
Atracurium 6 3.08 +0.76 0.13 +0.01 24.4 +6.13 
Dimethyl tubocurarine 4 0.50 +0.07 0.02 +0 003 24.6 +4.46 
Pancuronium 4 0 08 +0.01 0 02+0.002 5 2+0.80* 
Alcuronium 4 0 25+0 05 0 05 +0.007 5 1+1.31* 
Tubocuranne 4 0 19+0.01 0 1340.01 15+0 15* 
Gallamine 4 0 56 +0.07 0.83 +0.13 . 07+0.12* 
Fazadinium 4 0 29+0 09 0 69 £0.15 0.5 0.11* 
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Dose (mg kg” 1.v) 
Fic. 5. Neuromuscular and cardiovascular effects of atra- 
curium in six anaesthetized cats measured at time of maximum 

, effect (each point represents the mean of six observations) 
Percentage of control values of. O——O = tetanic responses of 
the gastrocnemius muscle to indirect stimulation at 30 Hz for 
1 s every 10 s; @- - -@ = twitch responses of the gastrocnemius 
muscle to indirect stimulation at 0.1 Hz; a-:-4= mean 
arterial pressure; o: € = heart rate. Vertical lines indicate 
SEM. Asterisks denote values for heart rate and arterial 
pressure significantly different from controls at the 1% 

level (*). 

0.125-1 mg kg !; heart rate was unchanged. 
Significant hypotension and slight bradycardia 
were evident after 4 mg kg! i.v., but this dose 
was 16 times that required for full neuromuscular 
paralysis. Similar results were obtained in seven 
anaesthetized rhesus monkeys. In four anaesthe- 
tized dogs, atracurium 2 mg kg i.v. reduced 
mean arterial pressure to 53 + 20.2% of the control 
value, but this dose was eight times that required 
for full neuromuscular paralysis. 

Experiments were carried out oryfour anaesthe- 
tized beagle dogs, allowed to recover fully after 
receiving excessive doses of atracurium. Each of 
two dogs received 2.5 mg kg”! i.v., 10 times the 
dose required for full neuromuscular paralysis. 
Apnoea developed rapidly and artificial ventilation 
was required for 76 and 79 min respectively. Heart 
rate was reduced by 14 and 23% of control and the 
P and T waves of the electrocardiogram were 
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reduced. The pupils were still responsive to light 
and no salivation was observed. Both dogs made an 
uneventful recovery after termination of anaes- 
thesia. Each of the other two dogs, with an 
implanted aortic catheter for recording arterial 
pressure, received doses of atracurium 0.25, 0.5, 
1.0 and 2.0mgkg i.v. (3.75 mg kg ! total). 
'These doses caused apnoea and artificial venti- 
lation of the lungs was required for a mean 23, 48, 
66 and 87 min respectively. The corresponding 
period indicates the time required for recovery 
after each dose. Cardiovascular effects were mi- 
nimal after 0.25 and 0.5 mgkg !i.v., but the 
following changes occurred after doses of 1 and 
2mgkg !i.v. (i.e. four and eight times the full 
neuromuscular paralysing dose); in one dog mean 
aortic pressure was markedly reduced by 45 and 
6896 of control respectively and heart rate was 
slightly reduced by 15 and 7%. The QRS complex 
of the electrócardiogram was reduced and the T 
wave enlarged. After the same doses in the other 
dog, mean aortic pressure was reduced by 15 and 
10% respectively and heart rate was increased by 
20 and 21% of control. The P wave of the 
electrocardiogram was enlarged. In both dogs 
salivation occurred. Although breathing was fully 
restored after the last dose of atracurium, neostig- 
mine 0.5 mgi.v. preceded by atropine 0.3 or 
0.6 mg i.v., was given to ensure adequate reversal 
of the neuromuscular blockade. Both dogs made 
an uneventful recovery after termination of 
anaesthesia. 


Haemodynamic studies 

In each of five anaesthetized dogs i.v. doses of 
atracurium 0.0625 and 0.125 mgkg^! had no 
important effects on the circulatory variables 
shown in table IV, including central venous pres- 
sure (not tabulated). 

Doses of 0.25, 0.5 and 1.0 mg kg lie slightly 
reduced phasic aortic flow, mean aortic pressure, 
heart rate, cardiac output and peripheral resist- 
ance. Maximum acceleration was reduced only by 
1.0 mg kg” ! i.v. Central venous pressure was vir- 
tually unchanged; the T' wave of the electro- 
cardiogram was slightly enlarged. These small 
circulatory effects persisted for 5-60 min. 

A dose of 2.0 mg kg”! i.v. (eight times the full 
neuromuscular paralysing dose) reduced phasic 
aortic flow, mean aortic pressure, heart rate, 
cardiac output, maximum acceleration and peri- 
pheral resistance. Central venous pressure was 
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TABLE IV. Effects of atracurium on phastc aortic flow, mean aortic pressure, heart rate, cardiac output, maximum acceleration and 
peripheral resistance tn five anaesthenzed open-chest dogs. Values at the ume of maximum effect are expressed as mean percentages of 
: . initial measurements (= 100) with SEM. *Resulis in four dogs 


Phasic aortic flow 


Dose Dose - Mean aortic 
(mg kg ' interval Initial ^ | Effect pressure ^ 
LV.) (min) (litre mun” !) (initial = 100) (initial 
0.0625 20 9.44+0.65 — 1064.1 100+1.6 ' 
0.125 , 40 10.54+0.51 105+2.4 102+1.3 
0.25 60 10.04 +0.73 99 +3.8 9443.2 
0.5 75 . 8.56+0.69 96+6.0 88+1.5. 
1.0 ` 90 7.12 +0.34 9342.4 8144.8 
2.0 90 7.04 +0.53 77+6.4 61496 
4.0* 7.2+0.49 61+6.5 45+10.1 


slightly increased; the T wave of the electrocar- 
diogram was enlarged. One dog died after 28 min 
and a postmortem revealed atrophy of the right 
ventricle. In the four surviving ‘dogs the cir- 
culatory effects persisted for about 90 min except 
for mean aortic pressure which, in two of the four 
dogs, was still reduced after this period. The four 
dogs received a further dose of 4.0 mg kg”! i.v. 
which further reduced the circulatory variables; 
the T wave of the electrocardiogram was enlarged. 
All these dogs survived and were recovering for 
45 min when the experiments were terminated. 

In other experiments atracurium, at bath con- 
centrations of 100 ug ml” +, had no inotropic or 
chronotropic effects on spontaneously beating 
guineapig atria. This concentration is greatly in 
excess of the blood concentrations of atracurium 
likely to be encountered after full neuromuscular 
paralysing doses. 


Histamine release a 
Evidence of histamine release was obtained onl 
after administration of relatively large doses of 
atracurium to anaesthetized dogs which are known 
to release histamine readily. Doses of 
10 mg kg” ' i.v. mepyramine and 15 mg kg”' i.v. 
burimamide or cimetidine were sufficient to abol- 
ish the decrease in mean arterial pressure induced 
by histamine 20 or 40 pg kg” ' i.v. in each of four . 


dogs (fig. 6). Such ‘doses of the H,- and H,- 
. receptor antagonists reduced, in part, the mo- 


derate hypotension caused by atracurium 
2mgkg~'i.v. and greatly reduced the marked 
hypotension produced by  -tubocurarine 
0.4 mg kg” ' i.v. It should be noted that the dose of 
atracurium. used was eight times the neuromus- 
cular paralysing dose while that of tubocurarine 
was, in fact, the paralysing dose in dogs. 


Cardiac 
output 


Maximum 
acceleration 


Peripheral 


Heart rate < resistance 


= 100) (initial = 100) (initial = 100) (initial = 100) (initial = 100) 


9741.1 98+55 104 +4.1 102+2.2 
97+1.8 107+4.5 104+2.0 101 3.7 
9711.6 89 +3.4 98 +2.7 100 +3.8 
90+1.0 86+6.1 106 17.6 96+8 6 
90+1.2 96+7.1 90+6.3 8544.8 
| 8341.9 7448.3 | 145.4 80196 
71 32.3 69354 48 +8.7 61+11.8 
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Fic. 6. Effects of atracurium, tubocurarine and histamine on 
arterial pressure before and after blockade of histamine recep- 
tors in four anaesthetized dogs. Mean values are shown and 
vertical hnes mdicate SEM. Asterisks denote significant dif- 
ferences after histamine blockade for each drug at the 5% (*), 
2% (**) and 0.1% (***) levels respectively. (Full neuromus- 
cúlar paralysing doses: atracurium 0 25 mg kg” '; tubocurarine 
0.4 mg kg^ !) 


.. Changes in acid-base balance 


During respiratory acidosis, induced by venti- 
lation wich 2096 carbon dioxide, neuromuscular 
paralysis of both responses was greater than in the 
control tests carried out before and after the 
acidosis, but the increase did not achieve statistical 

N 


40 


significance (table V). However, recovery of both 
the single twitch and tetanic responses was signi- 
ficantly longer during acidosis. Metabolic acidosis, 
caused by infusion of 8.4-12.0 mmol of hydro- 
chloric acid 0.75 mol litre ^ !, significantly enhan- 
ced blockade of the single twitch and also signific- 
antly prolonged recovery of the single twitch and 
tetanic responses as indicated in table V. 

Paralysis of both neuromuscular responses was 
significantly reduced and recovery significantly 
shortened during respiratory alkalosis produced 
by increasing the tidal volume  four-fold. 
Similarly, metabolic alkalosis, caused by infusion 
of 19.6-27.3 mmol of sodium bicarbonate 
1 mol be !, significantly reduced paralysis of 
the single twitch and significantly shortened re- 
covery of the tetanic response as shown in table V. 

In these experiments effects on paralysis of the 
tetanically stimulated muscles were obscured by 
the presence of complete blockade, but changes in 
recovery. times followed those of the contralateral 
muscles stimulated by single shocks. 


Elimination 

The role of the liver was studied in four anaes- 
thetized cats. From dose-response curves, the 
doses of atracurium estimated to produce 50% 
neuromuscular paralysis were 0.119+0.013 
mgkg~' via the jugular vein and 
0.121 +0.016 mg kg” ! via the hepatic portal vein; 
these values were not significantly different. 
Furthermore, the mean time taken for full re- 
covery after a complete blocking dose of 
0.25 mg kg” ' was similar when atracurium was 
given through the hepatic portal vein 
(27.1+4.3 min) to that when given through the 

jugular vein (26.5+5.8 min). 
~- The involvement of the kidneys was also studied 
in four anaesthetized cats. From dose-response 
curves, the dose of atracurium estimated to pro- 
duce 50% neuromuscular paralysis, was not signi- 
ficantly changed after renal ligation, whereas that 
for gallamine was significantly reduced (fig. 7). 
Although the mean time taken for recovery after 
complete blocking doses of atracurium 
0.25-0.5 mg kg 'i.v. was increased from 
29+2.9 min to 43+9.2 min after renal ligation, 
the difference did not achieve significance. 
However, after complete blocking doses of gal- 
lamine 0.5-2.0 mg kg"! i.v., renal ligation signi- 
ficantly prolonged recovery from 24 33.7 min to 
79 +14.3 min (P <0.05). 
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Fic. 7. Doses of atracurium and gallamine required to produce 

50% neuromuscular paralysis (ED so mg kg” ! 1 v.) before and 

after bilateral renal ligation in four anaesthetized cats for each 

drug. Mean values are shown and vertical lines indicate SEM. 

Asterisk denotes result for gallamine significantly different 
from control at the 5% level (*). 


DISCUSSION 

In a previous study with dimethyl tubocurarine, 
we concluded that this drug has desirable pharma- 
cological properties, but there remains a need for a 
neuromuscular blocking agent with a similar 
highly specific action at the neuromuscular junc-' 
tion but of shorter duration (Hughes and Chapple, 
1976b). It seems from our pharmacological assess- 
ment, that atracurium may possess these desirable 
properties. 

'The neuromuscular experiments demonstrated 
that atracurium is a potent competitive neuromus- 
cular blocking agent. Paralysis was readily antago- 
nized by anticholinesterases and, similar to other 
competitive agents, blockade was enhanced by ` 
halothane. T'he tetanic response was significantly 
more sensitive to paralysis than the single twitch, 
but the time taken for recovery from equal block of 
both responses was similar. It has also been 
demonstrated, in anaesthetized man, that the te- 
tanic response is a more sensitive index than the 
single twitch for the assessment of neuromuscular 
blockade ‘Hughes, Ingram and Payne, 1976). 


(ez-sU (001-66) (€1-2) (s6-tz) (911-£0D (€62-L2Z) Leger (SE L-1z D 








_ véi 001 or «5S 601 "9t Is EL  foxuo2-1sod 
(41-00) - (0013) (e1) (its) (E1101) (GIE-ELZ) (rE) (be LS D 
€t 16 + 8 Iz 80T Let ot 99 L so [my (E Lz-9 61) 
M -anq pour | TO end Jo 
Gz-LU (001-56) (Gr (65-92) (Op 1-56) (60€-922) (ENE) (EE LET D ot sat jounu 1 yz Jo uonnju] 
slz 86 8 B ort Eet Ki ól £ [01002-21d DÉI D *nso[exrt zogen 
5 . 
GED c (001-89) ISO (26-6) (ce 1-8) (625—989) exo GE £-1z £) 
“ZE »b6 all * xs T$ want IT ge mel _ »«.8T L Tormoo-1s0d 
* (196) (001 — es) (01-0) Dro (201-19) (t8b-€9) (1z-€1) (EL 1-95 1) 
8I ' $8 9 8I t8 oez 90, €9L , o. WODMNDV 
; : ` P1o3-1moJ 
(97-21) (001-08) (El—L) Gost) 1—01) (269-99) (19-5€) (SE L-92 L) (z 0-STI 0) *uomwnusA:d4H — 
61 : r6 „6 | BE wx» ICD > Sr nuubb wnal€ L 10:1002-3Jd $10 8 popar Ásojeride y 
i (e-91) (001-9) Dé (uy (61196) (105-881) Gy-82) UE L-87:2) 
“s0? 96 EE ft - 901 sve : LE sxe L ponuoomisod 
(SE-£Z) +, (001-66) (16) - (88-5€) (S£I-£8) (096-160 mn ^ (669-699)  . ES ‘ 
6% oor $1 ' 0L 801 99, 9€ 789 E pop ` . ^ SZ? "o Q8 
g . ~ met. d "29100 §2'0 DH 
(52-61) + (66-96) | (€1-s) x (19-4) (SSI-SI1) Riek (os-82) ' (6€°L-62 D (SLI GEI 0) «JO Joururg 6 Jo CONN 
0 86 »6 «67 - LEl „ZLI 1£ C ` SEL i ]orito2-21d DÉI GE ` "swoppe mogra W 
Dest (66-88) ` G9 (£6-0) (ort-gp) (ozt-czD (1S-0€) . (ër L-97 L) " 
Di Fé: . sl 9€ 08 LL »»6€ »»»9£ L - [o:x1002-1t0d - ' : gei 
"een ` (00-56) (2-00) (66-00) (Ly 1-09) (EOHLID + (991-60 |. (00199 , ] ' 
st . 46 v £9 IH Eer Dt $85 mopoy Bi 
gt aprop Bogie 
OED (pes (51-0) (99-0) Kä te GU (ESLID | (060 ` (95-97 L) 3 (57 0-STI 0) 90 jo goes , 
Dr 06" +8 [74 LIT tgz SE anf L TO31U00-24d 910. s “opoe Lonndsy 
(unu) 2009 E (unn) (%) (3H ww) (3H wu) (Sp uu) * (nmn) . mpooug (, 34 20) W WTN L, 
Quin ~, mpg sum ` SÁ Y amistad “od , Tod Hd AT 330p 
Zuang Amaoang jewouy puaweputis 
——— . j ' ungmeny 
uonmmums opp 
maL poge Buig 





' &qeati2edssa $7209] (yxw) WTO PUD (nx) YT Ca) YS 911 1D TUDIYIUDS SINDA JUDUIDOL] PUD j041u02 usem10Q s27u242[]ip PIOUIP sust49s p ‘ponad : 
14910941 21/1 (1041402-150d)) dai fo pun “Burinp *(j041u02-24d) 240f9q umoys 240 (5100 fo asquinu = U) SIDI fo sdnoaB 40 f (saduns 11) SINJOR UDIJA] `S QI (4209 SH QE W A[[DIVUDIDI 421/10 211 
Pub zy ['Q 1D sysous at unt YNN IUO *112241put PAID MUNS SOJOSTIM snuugu2041508 Y10Q U1 PIUTULLDIDP spa SISÁJDAD “ISOP YID? fo 199 [fo UNUIXOU 10 IPOH 2420) 0105 SIUDUIANSDIM tod 
pub ood * rd umiunooao dq EISE appnosmuoangu pun sanssodd [2142140 TOJ TODA “HA wo SISO[DYD pup SISOP19D 91/0GDIPUL Pun KA101041d$24 fo SIDI PIZNIYISIDUV, ui 51997 * A'TTRV.T, 


42 


Although atracurium was significantly more 
potent in dogs than in either cats or rhesus 
monkeys, the time-course of neuromuscular block- 
ade was similar throughout these species. This 
observation may be important, since it has been 
reported that the duration of action of some 
competitive blocking agents was longer in mon- 
keys, as in man, than in other species (Biggs, Davis 
and Wien, 1964; Mushin and Mapleson, 1964; 
Bamford et al, 1967; Busfield et al, 1968; 
Hughes, 1972; Hughes and Chapple, 1976b; 
Hughes, Payne and Sugai, 1976). In comparison 
with established drugs, it was shown that atra- 
curium was intermediate in its course of action. 
For example, in anaesthetized monkeys, recovery 
from neuromuscular blockade by atracurium was 
significantly faster than recovery from tubo- 
curarine and dimethyl tubocurarine, but was 
comparable to that of other available competitive 
drugs with a medium duration of action. 
Cholinésterase inhibition by atracurium is un- 
likely to be of importance since 1C ¿y for the human 
enzyme corresponds to a concentration of ap- 
proximately 70 ug ml^!. This concentration is 
greatly in excess of that likely to occur after 
neuromuscular paralysing doses of atracurium. 
An important feature of atracurium was the 
wide separation between doses required for 
neuromuscular paralysis and those which inhibit 
autonomic mechanisms. It is well established that 
vagal blockade in man causes undesirable tachy- 
cardia and hypertension. In this respect, the vago- 
lytic effect of atracurium, like that of dimethyl 
tubocurarine, was substantially less than that of 
other competitive agents currently used in anaes- 
thetic practice. Unlike tubocurarine, the impair- 
ment of sympathetic function was minimal even at 
supramaximal neuromuscular paralysing doses. 
However, some consider that inhibition of cate- 
cholamine uptake may contribute in part to the 
cardiovascular effects associated with administ- 
ration of pancuronium (Ivankovich et al., 1975; 
Docherty and McGrath, 1977). Dr L. G. Garland 
of our laboratories has carried out a preliminary 
study of catecholamine uptake using perfused rat 
hearts similar to that described by Iversen (1963) 
and used recently by Salt, Barnes and Conway 
(1980) for experiments with pancuronium ana- 
logues. It was found that atracurium partially 
blocked both uptake processes, but only at con- 
centrations 1n excess of those likely to occur after 
neuromuscular .paralysing doses. Uptake, was 
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inhibited more strongly than Uptake,; the cor- 
responding IC.) values were 20 ug ml“! and 
100 ug ml” ! respectively. No doubt the absence of 
effect on the various autonomic mechanisms has 
contributed to the cardiovascular stability as- 
sociated with atracurium. Significant hypotension 
and slight bradycardia occurred only with doses 16 
times that required for full neuromuscular para- 
lysis in anaesthetized cats and rhesus monkeys and 
in dogs circulatory depression only became of 
importance at eight times this dose. In vitro atrial 
preparations indicated the absence of direct ino- 
tropic and chronotropic effects. Indirect evidence 
obtained from anaesthetized dogs suggests that the 
cardiovascular effects of atracurium were attribut- 
able mainly to histamine release; unlike tubo- 
curarine, such effects occurred only after doses of 
atracurium eight times the full neuromuscular 
paralysing dose. However, since the hypotensive 
action of atracurium was not completely blocked 
by H,- and H,-receptor antagonists, sympathetic 
blockade may also play a minor role. The margin of 
safety with atracurium was also exemplified in 
those experiments in which very large doses of 
atracurium were given to anaesthetized dogs 
which made an uneventful recovery from the 
neuromuscular blockade and anaesthesia. 

In vitro studies, carried out by colleagues in our 
Central Analytical Laboratories, Dartford, have ` 
shown that when atracurium is incubated at 37 °C 
in buffers of appropriate pH, its non-enzymic 
decomposition was at least three times faster when 
the pH was increased from 6.9 to pH 7.6. Analysis 
of the decomposition products by high perform- 
ance liquid chromatography verified that this 
route of inactivation was by ‘Hofmann 
Elimination". We may have demonstrated the 
“Hofmann” mechanism zn vivo in anaesthetized 
cats, since neuromuscular paralysis by atracurium 
was significantly reduced when the arterial pH was 
increased by respiratory and metabolic alkalosis; 
conversely, paralysis was significantly enhanced 
when the arterial pH was reduced by respiratory 
and metabolic acidosis. 

Experiments in anaesthetized cats indicate that 
atracurium was not rapidly taken up by the liver, 
unlike a previous neuromuscular blocker, 
BW403C65, with which there was a three-fold 
reduction in its paralysing potency when the 
compound was given through the hepatic portal 
vein (Hughes, 1972). Furthermore, the results 
after renal ligation indicated that, unlike gal- 
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lamine, the kidneys are not 4 major route fot the.. 


elimination of unchanged atracurium. 


We conclude from this study that the pharmaco- - 


logical properties of atracurium are of sufficient 


interest to merit its evaluation as à neuromuscular: 


blockifig agent in anaesthetized man.: 
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PHARMACOLOGIE DE L’ATRACURIUM: NOUVEL 
AGENT DE BLOCAGB NEUROMUSCULAIRE 
CONCURRENT 


RESUME 


L'Atracürium besylate, 3,2'-(3,1 1~dioxo-4,1)-dioxatri- 
dezyléne) «bits [6,7-diméthoxy -1- (3,4-diméthoxybenzyl) -2- 
méthyl-1,2,5,4,-tetráhydroisoquinolimum] dibenzénesulph- 
Onate, appártient à une nouvelle série d'agents de blocage 
neuromusculaire cóncürrent. Une dose intraveineuse de 
0,25 mg kg” !, produit une paralysie complete chez les chats, 
chiens ét singes rhesus anésthésiés; la paralysie a été de durée 
moyenne ct a été immédiatement neutralisée par la neo- 
stigmiine. Le blocage pneumogastrique ne s'est produit 
qü'aprés des dósés de 8 à 16 fois supéneurés à la dose 
produisant la paralysie neutomusculairé complete et les effets 


sur les 'mécanismes sympathiques ont été minimaux. 


L'hypotensior et la brádycardie se sont inanifestéés aprés des 


. doses supràmiaximalés de 4mg kg ` administrées par voie 


intráveineúse, et ces effets, de fhérhe que la dépression circula: 
toire, sont fobablément atttibuables au dégagement 
d'histámine. Les étudés que l'on a faites in vitro ont montré que 
la décompositión non enzymatique de l'atracurium par 
“Elimiñatión c’Hoffmann” est áctivée par l'augmentation du 
pH. Ìn vivo, lá paralysié neurofnusculaire a été féduite d'une 
mariéré significative lorsque le pH attériel a été augmenté. Il 
n'y a aucune ifidicatión permettant de dire qué le foie ou les 
rëi jouent un róle important dans le métabolisme et dans 
Pélimináanon du médicament inchangé. Ces résultats pré- 
sentent un iniérét Suffisánt pour mériter que l'on procede à 
Pévaluation de atracurium sut l'homme anesthesié. 


DIE PHARMAKOLOGIE VON ATRACURIUM. EIN 
^ NEUES, KONKURRENZFAHIGES 
NEUROMUSKULARES BLOCKIERUNGSMITTEL 


ZUSAMMENFASSUNG 
Atracuriumbesylat, 2,2'-(5,11-dioxo-4,10-dioxatridecylen)- 
bis - [6,7-dimerñóxy 2 1 = (3,4-dunethoxybenzyl) - 2 - methyl- 
1,2,3,4-tétrahydroisbquihnoliàium] dibenzenesulphonat, ist 


eines aus eiñér neüen Serié komkurrenzfahiger neuro- 


muskulárer Blóskierungsmurtel. Eiflé inttavenose Dosis von 
0,25 mg Eg” ' bewirkte volhge Lahmung bei narkotisierten 
Katzen, Hunden uhd Rhesusaffen; die Lahmung war von 
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mittlerer Dauer und konnte schnell von Neosugmin auf- 


gehoben werden. Vagus-Blockierung trat erst nach Dosen auf,” 


die 8-16 mal grosser waren als die volle Dosis fur neuro- 
muskulare Lahmung, und die Auswirkungen auf sympathische 
Mechanismen waren minimal. Hypotension und Bradykardie 
zeigten sich nach übermaximalen intravenosen Dosen von 
4mgkg ', was zusammen mit Kreislaufdampfungen wahr- 
Schenbch auf Histaminfreigabe zuruckzufuhren war. Studien 
in vitro zeigten, dass der nichtenzymische Abbau von 
Atracurium durch “Hoffmannsche Ausscheidung” durch eine 
Erhohung von pH gefordert wurde. In vivo wurde neuro- 
muskuláre Láhmung wesentlich reduziert, wenn arterielles pH 
erhóht wurde. Es gab Anzeichen dafür, dass weder Leber noch 
Nieren eine wesentliche Rolle 1m Abbau und der Ausscheidung 
der unveranderten Droge spielen. Diese Ergebnisse sind 
interessant genug, um eme Beurteilung von Atracurium bei 
narkousierten Menschen zu rechtfertigen. 


LA FARMACOLOGIA DEL ATRACURIOM: UN 
NUEVO Y COMPETITIVO AGENTE DE BLOQUEO 
MUSCULAR 


SUMARIO 
El atracuriom besilate, con composición de 2,2-(3,11-dioxo-4, 
10-dioxatmdecileno)-bis-[6, 7-dimetoxi-1-(3, 4-dimetoxiben- 
cilo)-2-meulo-1,2,3,4-tetrahidroisoquinoliniorn] dibenceno de 
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sulfuro, formá parte de una nueva serie de competitivos agentes 
de bloqueo neuromuscular. Una dosis intravenosa de 
0,25 mg kg”' produjo una parálisis total en gatos, perros y 
macacos de la ladia anestesiados; la parálisis fue de duración 
media y rápidemente contrarrestada por la neosugmuna. El 
bloqueo vagal tuvo lugar tan sólo después de administrar dosis 
de 8 a 16 veces mayores que la correspondiente a la dosis de 
parálisis neuromuscular total y los efectos sobre los 
mecanismos simpáticos fueron mínimos. La hipotensión y la 
bradicadia fueron evidentes después de dosis supramáximas de 
4 mg kg” | de carácter intravenoso, y estos efectos, junto con la 
depresión circulatoria, pueden seguramente atribuirse a la 
aparición de histamina. Los estudios in vitro han demostrado 
que la descomposición no enzímica de! atracuriom, mediante la 
*Ehminación Hofmann”, fue intensificada por el pH creciente. 
La parálisis neuromuscular in vivo se redujo de forma sigmfi- 
cativa cuando el pH arterial se incrementó. Hubo indicaciones 
de que el higado y el riñón no juegan un papel importante en el 
metabolismo ni en la eliminación de drogas 1nalteradas. Estos 
resultados son de suficiente interés como para merecer la 
evaluación del atracuriom en el hombre anestesiado. 


Br. J. Anaesth. (1981), 53, 45 


EVALUATION OF ATRACURIUM IN ANAESTHETIZED MAN 
ES so JP., PAYNE AND R. HUGHES 


SUMMARY 


.Atracurium is a potent competitive neuromuscular blocking agent in anaesthetized man with no 
‘cardiovascular effects at doses required for paralysis. Endotracheal intubation can be accomplished after 
i.v. doses of 0.6 and 0.3 mg kg™', within 1 and 2 min respectively. Paralysis is readily antagonized by 
neostigmine and 1s enhanced by halothane. The consistent response in terms of block and recovery which 
emerged when the drug was given as increments of 0.05’or DU mg kg ! indicates the absence of 
cumulative effects. The course of action of atracurium was appreciably shorter than that of other 
recognized: competitive blocking agents. Doses of 0.3-0.6 mg kg”! i.v. provided adequate relaxation 
during surgical intervention for 15-45 min; spontaneous recovery without the use of neostigmine was 
observed in some patients. In addition to the non-enzymic decomposition by “Hofmann Elimination”, 
atracurium may also undergo an enzymic ester, hydrolysis but, unlike EES it may not 


be destroyed by pseudocholinesterase. 


Studies in Ee animals have Moe that 


atracurium is a potent competitive neuromuscular 
. blocking agent with a wide separation between the 
neuromuscular paralysing dose and that causing 
' cardiovascular effects (Hughes and Chapple, 1980, 
1981). On the basis of promising laboratory 
studies a quantitative evaluation of this drug has 
been carried out in anaesthetized man. 

Preliminary accounts ‘of this work have already 
been reported (Hughes, Hunt and Payne, 1980; 

Hunt, Hughes and Payne, 1980; RE et al., 

1980). 


METHODS ; 
Studies were performed in 62 patients, aged 


21-78 yr (average 53 yr), who had given informed , 


consent and who were about to undergo urological 


surgery at St Peter's Hospital, London. The trial - 


was conducted with the authority of a Clinical 
'Trial Certificate issued by the Committee on 
Safety of Medicines. Approval was also obtained 
from the Ethics Committee of St Peter's Hospital. 
For the purpose of the clinical trial'atracurium was 
prepared as.a 10-mg ml"! solution in water for 
injection B.P. and was stored in 3-ml ampoules at 
2-5 °C. The stability of the solution was tested 


J. P. PAYNE, M.B., F.F.A.R.C.S., D.A.; R. HUGHES,* B.SC., M.SC., 
PH.D.; Research Department of Anaestheucs, Royal College of 
Surgeons of England, London WC2 and St Peter's Hospital, 
London WC2. 

* Present address; Pharmacology Department, The 
Wellcome Research Laboratories, Langley Court, Beckenham, 
Kent BR3 3BS. 
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at regular'intervals by high performance liquid 
chromatography (HPLC). Atracurium was given 
in single and divided doses in the range of 


.0.05-0.6 mg kg~! i.v. 


No premedication was given and anaesthesia 


" was induced with 5% thiopentone 400—600 mg 


given i.v. In a group of 42 patients intubation was 
achieved without the use of a neuromuscular 
blocking agent under anaesthesia with 2-4% halo- 
thane and after spraying the larynx with 4% 
lignocaine. In 33 of-these patients the halothane 
was then withdrawn and anaesthesia was main- 
tained with'60-66% nitrous oxide in oxygen using 
intermittent positive pressure ventilation of the 


lungs. Supplements of 50 or 100 mg of thiopen- 


tone and 0.05 or' 0.1 mg of fentanyl were given i.v. 
as required. In the remaining nine patients venti- 
lation was continued with 1% halothane in 
oxygen. In another group of 11 patients the 
practicality of endotracheal intubation’ after the 
administration of atracurium was investigated 
during anaesthesia with 60-66% nitrous oxide in 
oxygen. 

The techniques used for the quantitative assess- 


ment of neuromuscular blockade have been de- 


scribed in detail elsewhere (Hughes, Ingram and 
Payne, 1976). Simultaneous recordings of the 
tetanic and single twitch contractions of the ad- 
ductor pollicis muscles were obtained by stimulat- 
ing each ‘ulnar nerve supramaximally at the wrist 


‘every 12 s, one with tetanic bursts of 50 Hz for 1s 


and the other with single shocks. The arterial 
© Macmillan Publishers Ltd 1981 


46 H 

pressure was measured directly from a poly- 
ethylene catheter inserted into the radial artery 
and, with the electrocardiogram, was recorded 
continuously throughout each study. The heart 
rate was measured from the electrocardiogram. In 
seven patients' central venous pressure was re- 
corded by inserting a catheter through the left 
brachial vein so that its tip lay in the region of the 
right atrium. Arterial blood-gas analyses were 
performed on samples taken from the radial artery 
before and 10-15 min after administration of the 
drug and were maintained within normal limits. 
Arterial or venous blood samples for haemato- 
logical and biochemical examination were taken 
just before and 24 h after the patient had received 
atracurium. 

In five patients rate and depth of ventilation was 
adjusted to produce states of respiratory acidosis 
and alkalosis to test the validity of the suggestion 
that the rate of ‘inactivation of atracurium is 
influencéd by changes in pH (Hughes and 
Chapple, 1980, 1981). Initially, the patients were 
under-ventilated for 20-40 min; thereafter a 
neuromuscular blocking dose of atracurium 
0.2 mg kg! was given i.v. and the rate constant 
for the recovery of the sustained tetanus was 
determined. When recovery was complete the 
ventilation was suitably increased and after 15 min 
the same dose of atracurium was given and the 
whole procedure, was repeated. 

A separate group of nine patients was given 
atracurium during routine anaesthetic practice to 
assess the muscular relaxation during surgery. 

Statistical analysis was by Student's t-test. 


RESULTS 


Stability.In each of the two clinical trials analysis 
by HPLC showed a total decomposition of 2.7 and 
3.0% respectively during a period of 7 months. 
Neuromuscular blockade. Y.v. doses of atra- 
curium 0.2 mg kg”? caused complete neuromus- 
cular block of the tetanic responses of the adductor 
pollicis muscle, whereas a dose of 0.3 mg kg? i.v. 
was required to produce full block of the single 
twitch in most patients (fig. 1, table I). The onset 
of maximum block of the tetanic response was 
shorter and its duration was longer than that of the 
single twitch. Once recovery had begun, the 
recovery phase of the tetanic response was slower 
than that of the single twitch. During recovery the 
tetanic response consists of two components, the 
peak tetanic contraction and the sustained tetanus 
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Atracurium Q.2 mgkg' tv 





` 3 mn 
Fic. 1. Tracings from two anaesthetized patients showing 
neuromuscular paralysis of the tetanic and single twitch 
responses of the adductor pollicis muscle by 0.2- and 0.3- 
mg kg”! i.v. doses of atracurium. 


TABLE I. Neuromuscular and cardiovascular effects of atra- 
curium. Mean results are quoted and are expressed as percentages 
of the control values (+ SEM) 


Percentage of control values 





Adductor pollicis 





Dose Arterial Heart 
(mg kg") Tetanus Twitch pressure rate 
0.2 0.6+0.5 1943.5 99+0.6 100+40.7 
(n= 10) 
0.3 0 2+1.1 99 40.6 99 + 1.2 
(n = 9) 
0.6 | 0 0 96+1.7 1034+1.0 
(n = 9) i 
T 0.3 mg kg! 
i sc x MUULUU 
2 min 


Fic. 2. Tetanic responses of the adductor pollicis muscle 

(50 Hz for 1s every 12s) shown at 3-min intervals during 

recovery - from neuromuscular blockade by atracunum 
0.3 mg kg ^ fue 





ATRACURIUM IN MAN 47 
TABLE II. Time course of neuromuscular blockade of the tetame responses of the adductor pollicis muscle by 
atracurium. Mean results are quoted with SEM. Asterisks denote values significantly different from the 0 2- 

mg hg! dose at the 5% (*) and 0.1% (***) levels respectively 
Rate constant 
95% recovery for recovery 
Onset of Duranon of of peak of sustained 
Dose maximum effect maximum effect contraction tetanus 
(mg kg” ') (min) (min) (min) (% per min) 
0.2 28403 5.6406 28.9423 120410 
(n= 9) 
0.3 1.9+0.1* 15.5 t: 1.8*** 349 t1,9 10 130.6 
(n 7) 
0.6 12+0.1*** 33.7 +3.0*** 34.5 +4,4 124+14 
(n= 6) 

(fig. 2). At the beginning of recovery the peak Neostigmine 

tetanic contraction decreased rapidly to a plateau 25mgiv 

where the contraction was sustained until the end Atropine 

of the stimulus. As recovery proceeded the tetanic — Atracunum an 12mgiv 

fade disappeared progressively until the tetanus Leaving 0.3 mg kg" iv "d 

was fully sustained. 

A quantitative assessment of the time-course of Tetanus 50 Hz J 


blockade by atracurium of the tetanic responses of 
the adductor pollicis muscle is shown in table II. 
Statistical analysis showed that the onset of com- 
plete block was significantly shortened by increas- 
ing the dose from 0.2 to 0.3 mg kg" ' i.v. and from 
0.3 to 0.6 mg kg ^! i.v. This same increase in dose 
also significantly prolonged the duration of 
maximum block at each dose. However, once 
recovery had begun there was no significant dif- 
ference either in the time taken to achieve 95% 
recovery of the peak tetanic contraction, or in the 
rate constants for recovery of the sustained tetanus 
for these doses. (The rate constants were calcu- 
lated by measuring the height of the sustained 
tetanus every 2 min until 95% recovery. Each 
measurement was subtracted from the pre-dose 
values and the difference transformed to its natural 
logarithm. Each logarithm was then plotted 
against time and the slope of the line calculated by 
regression analysis.) 

The effectiveness of neostigmine as an antagon- 
ist was investigated under two conditions. The top 
tracing in figure 3 was taken from a patient who 
had received a total dose of 0.3 mg kg 1 of atra- 
curium, When recovery ofthe tetanic response had 
reached 50%, neostigmine 2.5 mg, preceded by 
atropine 1.2 mg, produced a rapid antagonism of 
the neuromuscular block. Similar results were 
obtained in two other patients. The lower tracing 





BER i 4 
Single twitch ien 





Atropine 
12mgiv 
Atracuriur) Neostigmine 
0 3 mgkg” iv. 25mgiv. 
t i+ 


"IN 


PE 





Intubated 3mn 

Fic 3. Recorcings of the tetanic and single twitch responses of 
the adductor pollicis muscle from two anaesthetized patients 
who received etracunum 0.3 mg kg '1.v. in divided and single 
doses Top tracings show rapid antagonism by neostigmine 
2.5 mg given when recovery of tetanic response had reached 
50%. Lower t-acings show that intubation was accomplished 
within 2 min o? administrauon of atracurium and, 20 min later, 

complete block was reversed by neostigmine 2x 2 5 mg 
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in figure 3 shows the other situation. A single dose 
of atracurium 0.3 mg kg ! produced complete 
block of the tetanic and twitch responses of the 
adductor pollicis muscles. Twenty minutes later, 
while complete block still persisted, neostigmine 
in two doses of 2.5 mg, preceded by atropine 
1.2 mg, produced full recovery ina further 10 min. 
In two other patients who also received 
atracurium 0.3 mg kg” !, two doses of neostigmine 
2.5 mg given after 10 min induced complete an- 
tagonism in 15 and 18 min respectively. Figure 4 


Atracunum O6 mgkg? iv 


H 
ep 50 Hz 











tt 

| Neostigmne 2 5 mgiv 

Atropine 12 mgiv ; 
Fic. 4. Recording of the tetanic and single twitch responses of 
the adductor pollicis muscle from a patient given atracurrum 
06mgkg”' 1.v. Intubation was achieved within 1 min and 
neostigmine 2 x 2.5 mg, given 20 min later, antagonized com- 

plete block. í 


shows a similar study in a patient who had received 
atracurium 0.6 mg kg !. Two doses of neostig- 
mine.2.5 mg given 20 min later produced a steady 
recovery from complete block of both the tetanic 
and single twitch responses of the adductor pollicis 
muscles. In two patients who had received the 
same dose of atracurium 0.6 mg kg ^ !, neostig- 
mine, when given after 10 and 15 min respectively, 
induced a similar antagonism of neuromuscular 
blockade. 

Endotracheal intubation. In two patients, who 
were given atracurium.0.3 mg kg ^! after the re- 
cording arrangements had been completed and 
30-45 min after inducing anaesthesia, intubation 
was accomplished in 1.5 and 2 min respectively. At 
that time the vocal cords were relaxed and block- 
ade of the tetanic response of the adductor pollicis 
was complete (see fig. 2, lower trace). Three other 
patients received a dose of 0.6 mg kg” !; the cords 
were relaxed within 1 min when intubation was 
achieved without difficulty (see fig. 4). 

In three other patients atracurium was given 
immediately after induction of anaesthesia with 


D 
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thiopentone and so without neuromuscular and 
cardiovascular recordings except for the electro- 
cardiogram. These patients received a dose of 
0.3 mg kg”! and the trachea was intubated after 
1.0-1.75 min when breathing had ceased. 
Similarly, when three further patients were given 
0.6mgkg”?, intubation was accomplished in 
50—55 s. : 
Repeated dosage. Three patients were given an 
initial dose of atracurium 0.3 mg kg” ! followed by 
an incremental dose of 0.05 mg kg” ' when re- 
covery of the single twitch had reached 5096 of the 
initial response. The results in table 111 show a 


TABLE III. Neuromuscular effects in each of three. anaesthetized 
patients of repeated doses of atracurium 0.05 mg kg” i.v. groen 
when recovery of the single twitch had reached 50% 


Time to 50% recovery 


Neuromuscular block of initial 
(96) (min) 

Dose Dose Dose Dose Dose Dose 
1 2 3 7 1 2 3 
73 62 60 5.5 , 5 4.5 
83 81 79 9.5 8.5 10 
68 65 68 5.5 6 6.5 


fairly consistent pattern in terms of the depth of 
blockade and the time taken to reach 50% recovery 
after three incremental doses of atracurium. 

Three other patients also received an initial dose 
of atracurium 0.3 mg kg !, but this dose was 
followed by an incremental dose of 0.1 mg kg” * 
when recovery of the peak tetanic contraction had 
reached 50% of the initial response. A typical 
tracing is shown in figure 5 and the results of three’ 
such incremental doses are given in table IV. A 
consistent pattern emerged in terms of the depth of 
blockade and the time taken to reach 50% 
recovery. 

Cardiovascular effects. Simultaneous record- 
ings, taken at fast paper speed, of the electrocardio- 
gram, arterial pressure, central venous pressure 
and the tetanic and single responses of the 
adductor pollicis muscles showed that a 
neuromuscular paralysing dose of 0.25 mg kg ^! 
had no effect on the electrocardiogram, arterial 
pressure or the central venous pressure. The 
absence of cardiovascular effects after doses of 0.2 
and 0.3 mg kg”? is indicated in table I. Even at ` 
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' Tetanus 50 Hz 





03 mgkg" 


Single twitch 
08 27h 
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Fic. 5. Continuous recording of the tetanic and single twitch responses of the adductor pollicis from a 


patient who received an initial dose of atracurium 0.3 mg kg” 
given when recovery of the peak tetanic contraction had reached 50%. Arrows indicate dose (mg kg” ' 


‘iv, Incremental doses of 0.1 mg kg” ! were 
rv) 


, and ume of administration. 


TABLE IV. Neuromuscular effects in each of three anaesthetized 
patients of repeated doses of atracurium 0. 1 mg kg”! 1.0. given 
when recovery of the peak tetamc contraction had reached 50% 





H 


Time to 50% recovery 





Neuromuscular block of ininal 
(%) (min) 
Dose Dose Dose _ Dose Dose. Dose 
1 2 3 1 2 3 
96 99 . 99  . B 18 -17 
99 96 97 18 18 18 
94 96 96 14 ^ 14 14 


0.6 mg kg !, double the full paralysing dose, there - 


were no significant changes in arterial pressure and 
heart rate. 

Interaction with halothane. In a group of three 
patients given atracurium 0.2 mg kg ' the mean 
block of the twitch response of the adductor 
pollicis muscle in the presence of 1% halothane 
was 91 4.2%. However, in a group of nine 


E 


patients who did not receive halothane the mean 
block of 74 +4.4% was less (P = 0.05). An assess- 
ment of the time-course of neuromuscular 
blockade by atracurium in the presence of 196 
halothane is shown in table V. There was no 


- significant difference in the onset of full block of 


the tetanic responses of the adductor pollicis 
muscles after doses of 0.2, 0.3 and 0.6 mg kg ^! in 
comparison with those patients who did not re- 
ceive halothane as shown in table II; the duration 
of full block was only significantly longer with 
halothane after the 0.2-mg kg ^! dose. However, 
once recovery of the peak tetanic contraction had 
begun, it was significantly slower in the presence 
of halothane at each.dose. In contrast, halothane 
had no effect on the single twitch response. 
Although the rate constants for recovery of the 
sustained tetanus were reduced with halothane, 
the differences were only significant after the 


0.6-mg kg”! dose. 


Compartson with known drugs. Figure 6 shows 
the recovery of the peak tetanic contraction after 
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TABLE V. Time-course of neuromuscular blockade of the tetamc responses of the adductor pollias muscle by 
atracurium in the presence of 1% halothane. Mean results are quoted with SEM. Asterisks denote values 

significantly different from the controls (shown 1n table IT) at the 5% (*) and 1% (**) levels respectively 
Rate constant 
- 95% recovery for recovery 
Onset of Duration of of peak of sustained 
Dose maximum effect maximum effect contraction tetanus 
(mg kg” ') (mun) (min) (min) (% per min) 
0.2 2.0 12.3+2.6** 39.2+3.4* 9.0+0.4 
(n = 3) 
03 2.0 12.7+1.4 44.0 +2.9* 7.441.5 
(n =3) 
0.6 1.102 31 741.1 51.0+1.9* 6.9 +1.0* 
(n=3) 
1004, 14 
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Dro. 6. Recovery of the peak tetanic contraction of the adductor 
pollicis muscle after neuromuscular paralysis by i.v. doses of: 
.O——O dimethyl tubocurarine 0.1-0.3 mgkg ! (n= 6); 
E-A tubocurarine 0.2-0.5 mg kg ^! (1 = 6); A——A pan- 
curonium 0.05-0.06 mg kg”! (n= 5); CI——L1 fazadinrum 
0.4-0.8 mg kg”! (n = 6); A——A gallamine 1.0-1.5 mg kg ^! 
(n = 3); @——@ atracurium 0.2 mg kg `! (n = 5). Each point 
represents the mean value in a number of patients (n) and 
vertical lines indicate SEM. 


neuromuscular blockade by atracurium and by five 
established agents. The data for the established 
drugs were obtained from previous studies in 
which identical techniques for the assessment of 
neuromuscular blockade were used. For each 





Ki ^ 
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Fic. 7. Rate constants for recovery of the sustained tetanus of 
the adductor pollicis muscle from neuromuscular blockade by 
atracurium ` QO.2mgkg ! (I;  n-—7)  fazadimum 
0.4-0.8 mg kg”! (II; n = 5), tubocurarme 0.2 mg kg” ! (III; 
n= 6), gallamine 1.0-1.6 mg kg” ! (IV; n = 5), pancuronium 
0.05-0.06 mg kg! (V, n— 5) and dimethyl tubocurarine 
0.075-0.2 mg kg ^ ! (VI; n = 5). 








group of patients the dose selected was that 
required just to produce complete paralysis of the 
tetanic response and measurements were taken 
once recovery had begun. It is clear that recovery 
from neuromuscular blockade by atracurium was 
appreciably faster than recovery from gallamine, 
fazadinium, pancuronium, tubocurarine and di- 
methyl tubocurarine. The rate constants for re- 
covery of the sustained tetanus for atracurium in 
comparison with those calculated for known 
agents are shown in figure 7. Again, it is clear that 
recovery from neuromuscular blockade by atra- 
curium was significantly faster than recovery from 
fazadinium, tubocurarine, gallamine, pancu- 
ronium and dimethy! tubocurarine. 
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Influence of changes in arterial pH. In the five 
patients studied initial underventilation increased 
the carbon dioxide tension to the range of 
5.87-9.15 mm Hg and reduced pH to a range of 
7.248-7.368 (table VI). After hyperventilation 
the carbon dioxide tension decreased to 
3.48-3.92 mm Hg and the pH was increased to 
within 7.524—7.557. The effect on recovery of 
these changes is shown in table VI; the results were 
equivocal. In one patient recovery of the sustained 
tetanus was appreciably faster during hyperventi- 
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lation; in two patients recovery was slightly faster, 
whereas in one patient it was unchanged and in the 
remaining patient recovery was slower during 
hyperventilation. 

Surgical relaxation. In nine patients atracurium 
was given to facilitate intubation and to produce 
muscular relaxation during urological surgery 
(table VII). In six the trachea was intubated within 
2 min of receiving a dose of 0.3 mg kg” !; relax- 
ation was adequate for 15—20 min and incremental 
doses of 0.1 mg kg ! provided sufficient relax- 


TABLE VI. Rate constants for recovery from tetamc fade after neuromuscular paralysis by atracurium 0.2 mg Ee ! 
during respiratory acidosis (hypoventilation) and alkalosis (hyperventilation) in each of five anaesthetized patients 


Hypoventilation 


Rate constant for 


recovery of 
Pco, sustained tetanus 

pH (kPa) (^^ min” !) 
7.368 5.87 9.9 
7.368 9.15 10.3 
7.347 7.84 12.2 
7.248 8.01 9.8 
7.300 7.28 11.3 


Hyperventlaton 
Rate constant for 
recovery of 
Pco, sustained tetanus 
pH (kPa) (% mun !) J 

7.524 3.49 11.3 
7.557 3.89 11.9 
7 534 3.92 9.9 
7.524 3.48 143 
7.515 3.64 11.1 


TABLE VII. Skeletal muscular relaxation in nine patients given atracurium during urological surgery. Asterisks 
(*) denote those parents in whom blockade was reversed with neostignune 5 mg, preceded by atropine 2 mg 





Incre- 
Inival mental Total Skeletal 
Duration dose dose dose muscular 
Operation (min) (mg kg ') (mgkg )  mgkg ) relaxauon 
Left nephroureterectomy* 90 0.32 0.13 0.58 Adequate 
0.13 
Right nephroureterectomy* 75 054 0.18 0.82 Good 
0.09 
Transurethral resection* 75 0.33 0.08 0.41 Good 
of prostate 
Left pyelohthotomy* 90 030 010 0.53 Adequate 
0.13 
Ureterolysis* 120 0.62 021 1.14 Good 
(minimal renal function) 0.2 
0.10 
Right pyelohthotomy 75 0.30 0.10 0.50 Adequate 
0.10 
Left nephrectomy 165 062 0.10 0 80 Good 
0.10 
Conversion |. ureterostomy 150 0.30 0.10 0.62 Good 
to a colonic conduit 0.10 s 
Left pyelolithotomy 90 0.30 0.10 0 40 Good 
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ation for a further 15-20 min. In the other three 
patients who were given 0.54-0.62 mg kg”! intu- 
bation was achieved within 1 min and relaxation 
was satisfactory for 30—45 min. Incremental doses 
of 0.1 or 0.2 mg kg”! extended relaxation for a 
further 15-45 min as required. In five of these nine 
patients antagonism was satisfactory with neostig- 
mine 5 mg preceded by atropine 2 mg (one patient 
had minimum renal function). The other four 
patients were breathing adequately when the oper- 
ation was completed and did not receive 
neostigmine. 

Other observations. No significant changes were 
observed in the haematology or blood chemistry. 


DISCUSSION 


Atracurium has been shown to be a potent com- 
petitive neuromuscular blocking agent in anaes- 
thetized man with no cardiovascular side-effects at 
doses required to produce neuromuscular para- 
lysis, indicating the absence of histamine release. 
Ani.v. dose of 0.3 mg kg” ' was sufficient to cause 
full block within 2 min when the vocal cords were 
relaxed: and endotracheal intubation could be 
‘accomplished. Doubling the dose of the drug to 
0.6 mg kg ! produced complete block within 
1 min and provided good intubating conditions. 
Statistical analyses revealed, as expected, that the 
onset and the duration of maximum block were 
dose-dependent. However, once the recovery pro- 
cess had begun the recovery phase proved to be 
independent of dose and the question arises 
whether this feature is unique for atracurium. 
Unfortunately, sufficient comparative information 
for known drugs in anaesthetized man is not 
available, but this aspect is worthy of further 
investigation. 

Neostigmine effectively antagonized the block 
produced by atracurium even when given before 
recovery had begun. However, it is anticipated 
that induced antagonism may not always be 
necessary because of the rapid spontaneous re- 
covery of the tetanic response. As with other 
competitive neuromuscular blocking agents, there 
was evidence that paralysis was enhanced and 
prolonged by anaesthetic concentrations of 
halothane. 

An important property of atracurium is that the 
rate of recovery from*neuromuscular blockade was 
distinctly faster than that from established com- 
petitive blocking agents. It has been known since 
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the work of Masland and Wigton (1940) and from a 
more recent review by Foldes (1971), that com- 
petitive neuromuscular blocking agents, in ad- 
dition to their action at the muscle end-plate, may 
also act presynaptically to reduce the output of 
acetycholine. In this context tetanic fade can be 
interpreted as a failure of the motor-nerve terminal 
to maintain a supply of acetylcholine to sustain a 
tetanic contraction. Thus, differences in the rate of 
recovery of the sustained tetanus may reflect the 
relative actions of drugs in'depressing the release 
of the transmitter at the motor-nerve terminal. 
Since recovery of the sustained tetanic response 
was much more rapid after blockade by atracurium 
than the other agents examined (fig. 7), it-is 
possible that atracurium may have substantially 
less effect on the motor-nerve terminal. This 
possibility could be investigated by means of the 
techniques now available for the measurement of 
acetylcholine release (Foldes, 1971). 

Another attractive feature of atracurium is the 
consistent pattern which emerged when the drug 
was given repeatedly. The predictable response in 
terms of both the depth of blockade and rate of 
recovery could be interpreted as a lack of cumulat- 
ive effects of the drug. The same consistent pattern 
occurred when atracurium was used to provide 
muscular relaxation during surgery. Although 
only nine patients were studied it appears that 
atracurium is a relatively short-acting agent. A 
dose of 0.3 mg kg" ! provided adequate relaxation 
for 15-20 min which could be extended by giving 
incremental doses or by using a larger initial dose 
of 0.6 mg kg” |. Antagonism by neostigmine was 
not necessary in some patients in whom breathing 
returned rapidly to normal. This factor provides a 
distinct advantage, since we have demonstrated 
previously that the dose of neostigmine is critical; 
in excess, neostigmine will cause an acetylcholine- 
induced block which may persist for up to 20 min 
(Payne, Hughes and Al Azawi, 1980). In fact, it is 
possible that reports of recurarization after ap- 
parent adequate antagonism may have been 
attributable to overdosage with neostigmine. 

Predictions based on the potency and time- ` 
course of neuromuscular blockade by atracurium 
in anaesthetized cats, dogs and rhesus monkeys 
(Hughes and Chapple, 1981) have proved accurate 
for anaesthetized man. It may be significant that 
the course of action of atracurium was similar 
throughout these species, whereas previous ex- 
perience with other competitive blocking agents 
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indicated that their duration of action, as in rhesus 
monkeys, was longer in man (Hughes, 1972). We 
also found in this study that neuromuscular block 
by the established drugs was more persistent in 
man than that indicated in laboratory animals 
during a comparative study with atracurium 
(Hughes and Chapple, 1981). Consequently, atra- 
curium has a relatively: shorter and more pre- 
dictable action in anaesthetized man which, most 
likely, is a result of the mechanism of its 
inactivation. 

The mechanism of inactivation of atracurium, 
however, has yet to be clearly defined, but labora- 
tory studies are under way with labelled drug. 
However, experiments in anaesthetized cats in- 
dicate that it is unlikely that either the liver or the 
kidneys play a major role in the elimination of the 
unchanged drug (Hughes and Chapple, 1981). In 
vitro studies carried out by colleagues in the 
Central Analytical Laboratories, Wellcome 
Chemical Works, Dartford, have indicated two 
possible metabolic pathways. First, atracurium 
may undergo enzymic ester hydrolysis. Its in vitro 
half-life in normal human plasma was 
26.0 +0.55 min (n = 5). Since a similar value of 
24.5 min was obtained in atypical human plasma 
with deficient pseudocholinesterase, this suggests 
that, unlike suxamethonium, atracurium is not 
destroyed by this enzyme. Second, experiments in 
appropriate buffers have shown that atracurium 
also undergoes a non-enzymic decomposition by 
“Hofmann Elimination" which was at least three 
times faster at pH 7.6 than at pH 6.9 (Hughes and 
Chapple, .1981). Furthermore, it has been 
demonstrated im vivo in anaesthetized cats that the 
neuromuscular paralysing potency of atracurium 
was significantly reduced after the pH of the 
arterial blood had been increased from 7.31 to 7.63 
by hyperventilation (Hughes and Chapple, 1981). 
When we attempted to demonstrate the 
“Hofmann” mechanism in five of our patients who 
acted as their own controls, recovery from 
neuromuscular blockade after atracurium was 
somewhat faster during hyperventilation in three 
of these patients. In one patient tbe reverse 
occurred and in the last patient no change was 
observed. However, it should be noted that the 
increase in pH achieved in this study was only in 
the range of 0.16—0.28 units, and there is also the 
possibility that an increase in pH may alter the rate 
of enzymic metabolism. Thus, the relative roles of 
the enzymic and non-enzymic decomposition of 
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atracurium have yet to be determined and further 
studies will be undertaken for this purpose. 

In conclusion, atracurium has the following 
advantages over currently available competitive 
neuromuscular blocking agents: 

(a) Intubanon can be accomplished within 
1—2 min without increasing the dose to that 
causing cardiovascular effects or unduly pro- 
longing the block. 
The rate of recovery from paralysis is two to 
five times faster than that of established com- 
petitive neuromuscular blocking agents. 
Rapid spontaneous recovery from competitive 
block can occur without the need for neosug- 
mine. Nevertheless, paralysis is rapidly antag- 
onized by neosugmine, even from complete 
block. 
The predictable response after administration 
indicates the lack of cumulative effects of the 
drug. 
It is highly selective with no cardiovascular 
side-effects at doses required for neuromus- 
cular paralysis. 
(f) Its inactivation is likely to be independent of 
hepatic and renal function and pseudocholin- 
esterase activity. 


(b) 


(c) 


(d) 


(e) 
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EVALUATION DE L'ATRACURIUM CHEZ 
L'HOMME ANESTHESIE ' 


RESUME 


L'atracurium est un agent de blocage neuromusculaire actif et 
concurrent chez l'homme anesthésié; 11 n'entraine aucun effet 
cardiovasculaire aux doses requises pour obtenir la paralysie. 
L'intubation endotrachéale peut étre effectuée aprés des doses 
1ntraveineuses de 0,6 et de 0,3 mg kg” !, dans l'espace d'une et 
de 2 min, respecuvement. La paralysie peut étre facilement 
neutralisée par la néosugmine et on peut l'accroitre par 
l'halothane. La réaction constante, en terme de blocage et de 
récupération, qui émerge lorsque le médicament est administré 
par paliers de 0,05 ou de 0,1 mg kg” ! indique l'absence d'effets 
cumulatifs. L'évolunon de l'action de l'atracurium est tres 
sensiblement plus courte que l'évolution des autres agents de 
blocage concurrent connus. Des doses de 0,3—0,6 mg kg”' 
administrées par voie intraveineuse entraínent une relaxation 
adéquate pendant toute intervention chirurgicale d'une durée 
de 15 à 45 min. On a observé sur certains patients que la 
récupéranon était spontanée et que l'on n'avait pas à faire usage 
de la néosugmine. En plus de la décomposition non en- 
zymatique par “Elimination d'Hoifmann", l'atracurium peut 
aussi subir une hydrolyse par ester enzymauque, mais 
contrairement à ce qui se passe pour le suxaméthonium, il ne 
peut pas être détruit par pseudockolinesterase. 


BEURTEILUNG VON ATRACURIUM BEIM 
” NARKOTISIERTEN MENSCHEN : 


pd 
D 


ZUSAMMENFASSUNG 


Atracurium ist ein starkes konkurrenzfahiges neuromuskuláres 
Blockierungsmuttel ım narkousierten Menschen, ohne dass die 
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für eine Laumung erforderlichen Dosen kardiovaskuláre 
Auswirkungen haben. Eine Trachealrohreinführung kann 
nach intravenosen Dosen von 0,6 mg kg ! in 1 Minute, und 
von 0,3 mg kg ^! in 2 Minuten durchgeführt werden Due 
Láhmung wird durch Neosugmin schnell aufgehoben und 
wird durch Halothan verstarkt. Die konsistente Reaktion im 
Bezug auf Blockierung und Erwachen bei Verabreichung der 
Droge ın Teildosen zu je 0,05 oder 0,1 mg kg ^! zeigt das 
Fehlen kumulanver Wirkungen. Der Wirkungsverlauf von 
Atracurium war deutlich kurzer als der anderer anerkannter 
Blockierungsmittel. Intravenose Dosen von 0,3-0,6 mg kg” ' 
lieferten ausreichende. Entspannung wührend des chirur- 
gischen Hingriffes auf 15-45 Minuten. Spontanes Erwachen 
ohne de Verwendung von Neostigmin wurde bei manchen 
Patienten, beobachtet. Zusützlich zu dem nichtenzymischen 
Abbau durch ‘“Hoffmannsche Ausscheidung” kann 
Atracurium auch eine enzymische Ester-Hydrolyse cingehen, 


‘kann aber im Gegensatz «zu Suxamethonium nicht durch 


Pseudocholinesterase zerstórt werden 


EVALUACION DEL ATRACURIOM EN EL HOMBRE 
ANESTESIADO 


SUMARIO 


El atracuriom es un potente y competitivo agente de bloqueo 
muscular en el hombre anestesiado sin efectos cardiovasculares 
al nivel de las dosis necesarias para producir parálisis. La 
intubación endotraqueal puede llevarse a cabo después de dosis 
intravenosas de 0,6 y 0,3 mg kg” ', en el periodo de 1 y de 2 
minutos respectivamente. La parálsis se contrarresta 
rápidamente mediante neostigmina y se intensifica mediante 
halotano. La consistente respuesta, en lo tocante al bloqueo y a 
la recuperación, que surgió cuando se administró la droga bajo 
incrementos de 0,05 ó de 0,1 mg kg” !, indica la ausencia de 
efectos acumulativos. El periodo de actividad del atracuriom 
fue, de forma apreciable, más corto que el de otros agentes 
de bloqueo reconocidos y compettivos. Doss de 
0,3-0,6 mg kg^!, de carácter intravenoso, proveen una 
adecuada relajación por espacio de,15—45 min, durante las 
intervenciones quirúrgicas; en algunos pacientes se observó la 
recuperación espontánea sin el uso de neostigmina Además de 
la descomposición no enzimática, mediante la “Elimianción 
Hofmann”, el atracuriom puede también emprender una 
hidrólisis enzimica de ésteres pero, a diferencia del suxameton- 
10m, no puede destruirse mediante séudocolinesterases. | 


ta 
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' ADVERSE RESPONSES TO L.V. ANAESTHETICS 


D BEAMISH AND D. T. BROWN 


SUMMARY 


The adverse reactions to 1.v. anaesthetics which occurred during a 3-yr period in one hospital were 
investigated. Sixteen reactions were reported; 13 of these occurred in a total of 7906 administrations of 
Althesin, two in 45 546 administrations of thiopentone and one ın 63D administrations of methohexitone. 

The pathological process was identified 1n 10 patients. Most reactions were caused by activation of the 


alternate pathway for complement conversion. 


ied in adverse reactions to i.v. anaesthetic 
agents has increased greatly during the past 10 
years and has been associated with the publication 
of a large number of case reports. 


Clarke and others (1975) reported a series of 100°: in 
reactions classified according to the clinical: 


presentation. However, reactions with a variety of 


clinical features may be the result of an identical . 


process, frequently activation of the alternate 
pathway for complement conversion (Watkins, 
Appleyard and Ward, 1975; Watkins, Udnoon et 
al., 1976; Watkins, Clarke et al., 1976). 

Evans and Keogh (1977) reported a retrospec- 
tive study of the adverse responses to thiopentone, 
methohexitone, propanidid and Althesin which 
occurred in a large anaesthetic department during 
3 years, but they were unable tó identify the 
pathology underlying each reaction. We report a 
prospective survey of the frequency and causes of 
the adverse responses to i.v. anaesthetic agents in a 
large teaching hospital during the 3-yr period 
1976-79. 


. METHOD 


All anaesthetists in ¡the Royal hiany i6 

Edinburgh were asked:to report details of es 
responses to i.v. anaesthesia and to obtain serial 
venous blood samples following the reaction, 
according to the plan of Watkins, Thornton and 
Clarke (1975, 1976). The clinical details associated 
with the reaction were recorded as soon as possible 
after the reaction. Plasma samples were sent to the 
Protein Reference Unit in Sheffield for i immuno- 
globulin and complement analyses. Only adverse 
responses for which there was no obvious alterna- 
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tive explanation, other than a reaction to the 
induction agent, were included. Patients who 
received muscle relaxants were not included in this 
study. The total number of administrations of each 
duction agent in the hospital during the period of 
study was obtained from records kept by the 
Department of Anaesthetics. 


RESULTS 


Frequency of reactions 

Sixteen of the reactions were attributed to i.v. 
anaesthesia. None was fatal. Thirteen of the 16 
were associated with Althesin, two followed 
thiopentone and one followed tnethohexitone. No 
reactions to propanidid were reported. The 
apparent overall frequency of the reaction was 1 in 
608 administrations of Althesin, 1 in 22773 
administrations of thiopentone and 1 in 630 
administrations of methohexitone. 


Reactions following Althesin administration 

Nine of the 13 reactions occurred in female 
patients and 11 of the 13 patients were aged less 
than 35 yr (table I). Seven of 13 were either atopic 
or allergic (Dundee et al., 1978). Seven of 13 had 
received! Althesin ‘uneventfully , within the 
previous. & months. 'Only seven patients had 
received premedication and two of these patients 
were noted to be anxious before the induction of 
anaesthesia. 

We obtained sequential venous blood samples 
following eight of the'13 adverse responses. Seven 
of these eight patients had clear evidence of 
alternate pathway activation of complement C3, a 
process which leads to histamine release. One of 
the eight patients showed activation.of the classical 
pathway: "for complement conversion with 
evidence of a true immune-mediated response 
involving IgE. Four of the 1$ patients (nos 4, 7, 11 

E ` ` e Macmillan Publishers Ltd 1981 


H 





56 BRITISH JOURNAL OF ANAESTHESIA 
TABLE I 
Same anaesthetic Allergy Plasma analysis, 
Age Pre- previously and or complement changes, 
No (yr) Sex Procedure medication interval atopy immune abnormality 
Althesin 
i 71 M Cystoscopy Diazepam No No No sample 
2 18 F Cystoscopy None Althesin 3/12 Yes C3 conversion 
4 Immunopathology 
3 29 F  Dilatation and None No No C3 conversion 
curet-age Classical pathway 
4 18 M Drainage of None No Yes No sample 
abscess 
5 45 P Hysterectomy Lorazepam Althesin 6/52 No C3 conversion i 
Memory 
6 19 F  Ovanan Lorazepam Althesin 1/52 Yes C3 conversion 
cystectomy is Memory 
7 33 M Drainage of None No Yes C3 conversion ^ 
i abscess Immunopathology ° 
8 22 F  Terminanon Lorazepam No No No sample 
of pregnancy 
9 35 F Terminanon Diazepam Althesin 3/12 No C3 conversion 
of pregnancy . IgE involved 
10 19 F  Terminauon Lorazepam No Yes No sample 
i of pregnancy 
11 22 M  Drainage of None Althesin 2/52 No . No sample 
i absce3s , 
12 28 F  Dilatanon and Lorazepam Althesin 8/12 Yes C3 conversion 
curettage ` - Immunopathology 
13 23 .F  Insernon of None Althesin 6/12 Yes C3 conversion 
IU.C.D IgE involved 
Thiopentone MEE 
14 23 F Termination of None No No C4 increased 
pregnancy Immunopathology 
15 38 F Laparoscopic Hyoscine No No C4 increased 
sterilization C2 Kon release 
Methohexitone 
16 33 M Drainage of None No Yes No sample 
abscess 


and 13) had a history of chronic infection. One l 


patient who had chronic axillary abscess cavities 
requiring repeated surgical drainage reacted in an 
identical manner to both Althesin and 
methohexitone on separate occasions. 

In three patients the anaesthetist had 
administered a test dose of Althesin 0.5 ml i.v. 
without adverse effects, although subsequently an 
adverse response occurred following injection of 
the full induction dose of Althesin. 


Reactions following thiopentone administration 
Only two reactions occurred following the 
administration of thiopentone (table I). These 
were investigated immunologically and showed 
that both patients had increased concentrations of 
complement C4. The complement concentrations 
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did not change follówing the reactions, so it is not 
clear to what extent this underlying immuno- 
pathology contributed. 


Reactions following methohexitone administration 

Only one patient had an adverse reaction after 
receiving methohexitone. The patient had a 
history of recurrent abscesses and reacted 
adversely to Althesin during a subsequent 
anaesthetic. 


Reactions following propamdid administration 
No reactions were reported following 629 
administrations of propanidid. 


DISCUSSION 


The results show that adverse reactions involving 
Althesin (13 in 7904) occur more frequently than 
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reactions to thiopentone (2 in 45546). The 
frequencies for methohexitone (1 in 630) and 
propanidid (0 in 629) are of doubtful significance 
because these drugs were used so infrequently. 
Adverse reactions to anaesthetics are probably 
always under-reported and so the frequencies we 
have calculated are possibly less than the true 
frequencies. Scott (1979) reported a frequency of 1 
in 430 reactions following Althesin and other 
estimates have ranged from 1 in 930 (Evans and 
Keogh, 1977) to 1 in 19 000 (Clarke et al., 1975). 

Watkins (1979) described four pathological 
mechanisms which lead to an adverse clinical 
response to i.v. anaesthetics. The first was the 
combination of an antigenic drug with reaginic 
immunoglobulin IgE (true anaphylaxis); the 
second was activation of the classical pathway for 
the conversion of complement C3; the third was 
activation of the alternate pathway for C3 
conversion and the fourth was pharmacological or 
chemical release of histamine. Conversion of 
complement C3 to its breakdown products releases 
C3a (anaphylatoxin) which is a potent releaser of 
stored histamine (Ruddy, Gigh and Austen, 1972). 

After the administration of Althesin, seven of 
our patients showed alternate pathway conversion 
of complement and two of these also showed 
involvement of IgE. 

Three patients in the series suffered from 
chronic infections. This form of immunopath- 
ology appears to sensitize the complement 
pathway. One of the patients reacted to different 
drugs on two separate occasions, once following 
methohexitone and once following Althesin 
(Beamish and Brown, 1980). 

Five of the patients who reacted to Althesin had 
received the drug on a previous occasion within the 
preceeding 3 months. Patients receiving repeated 
doses of Althesin appear to have an increased risk 
of adverse reactions. This has been confirmed by 
experimental work in the ““miniature” pig (Glen et 
al., 1978), which showed that the optimum interval 
between Althesin injections for provoking adverse 
reactions was between 1 and 2 weeks. Watkins, 
Allen and Milford Ward (1979) have reported a 
patient in whom immunoglobulin IgD appeared to 
be the cause of a short-term “immunological 
memory" response following the repeated 
administration of Althesin. 

Two patients had a delayed adverse response 
following Althesin. The first developed skin weals 
after 5h and the second developed erythema, 


57 


hypotension and bronchospasm after 90 min. It 1s 
difficult to explain such a delay, either on the basis 
of a reaction to a metabolite of Althesin or by 
variations in the speed of reaction of the 
complement pathway. Nevertheless, the delay has 
great significance for anaesthetized outpatients, 
who may be discharged before they develop 


symptoms. 
There were no deaths attributable to the 16 


reactions we have described. Our data suggest that 
the possibility of an adverse reaction to Althesin 1s 
more than 30 times that to thiopentone and we 
suggest that this should be borne in mind when 
selecting an i.v. agent. 
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REACTIONS ADVERSES AUX AGENTS 
ANESTHESIANTS ADMINISTRES PAR VOIE 
INTRAVEINEUSE 


RESUME. , 


Les réactions adverses aux agents anesthésiants administrés par 
voie intraveineuse que Pon a enregistrées au cours d'une 
période de trois ans, dans un méme héspital, ont fait l'objet de 
recherches. Seize réactions ont été signal¢es, 13 d’entre-elles se 
sont produites sur un total de 7906 administrations 
d'Althésine, deux sur un total de 45 546 administrations de 
thiopentone et une sur 630 administrations de méthohéxitone 
Le processus pathologique a été identifié sur 10 panents. La 
plupart des réactions avaient été causées par une activation de 
Pautre voie d'accès pour conversion du complément. 


UNGUNSTIGE REAKTIONEN AUF INTRAVENOSE 
ANASTHESIE 


ZUSAMMENFASSUNG  - 


Die ungunstigen Reaktionen auf intravenose verabreichte 
Anásthesremittel, zu der es wahrerd einer dreijahrigen Periode 
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in einem Krankenhaus kam, wurde untersucht. Sechzehn 
solche Reaktionen wurden gemeldet; 13 davon erfolgten bei 
insgesamt 7906 Injektionen von Althesin, zwei bei 45 546 
Injektionen von Thiopenton, und eine bei 630 Methohexiton- 
Injektionen. Der pathologische Prozess wurde in 10 Patienten 
Idenufiaert. Die meisten dieser Reaktionen wurden durch 
Aknvierung des alternativen Leitweges fur Komplement- 
umwandlung verursacht. 


D 


REACCIONES ADVERSAS A LOS ANESTESICOS 
INTRAVENOSOS 
SUMARIO 

Se invesugaron las reacciones adversas a los analgésicos intra- 
venosos, las cuales tuvieron lugar durante un periodo de 3 años 
en un hospizal. Se notificaron 16 reacciones; 13 de éstas 
ocurrieron en un total de 7906 administraciones de Altesín, 
otras 2 en un total de 45 546 administraciones de tiopentona y 1 
en 630 administraciones de metohexitona Se identifico el 
proceso patológico en 10 pacientes, la mayoría de las reacciones ` 
fueron causadas por la activación de la ruta alternativa para la 
conversión del complemento. 
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WY 16225 (DEZOCINE), A NEW SYNTHETIC OPIATE 
AGONIST-ANTAGONIST AND POTENT ANALGESIC: COMPARISON 
WITH MORPHINE FOR RELIEF OF PAIN AFTER LOWER ABDOMINAL 

SURGERY 


J. W. DOWNING, J. G. BRock-UTNE, A. BARCLAY AND I. L. SCHWEGMANN 


` SUMMARY Š 
. Dezocine (Wy 16225), a new analgesic was compared randomly and double-blind with morphine 10 mg in 
160 female patients complaining of moderate (group I) or severe group IT) pain after elective lower 
abdominal surgery; both drugs were given i.m. In group I, pain relief with dezocine 10 and 15 mg was 
significantly greater than dezocine 5 mg; dezocine 10 mg appeared equipotent with morphine 10 mg. 
Similar, but statistically insignificant differences were observed in group II. Patient sedation was minimal 
and untoward side-effects ska with all doses of the trial drugs. 


A double-blind comparison of the: efficacy aud 
safety of dezocine, a new synthetic opiate agonist- 
antagonist (Wyeth Laboratories), in a range of 
doses (5, 10 and 15, mg) was made with morphine 
10 mg after elective lower abdominal surgery. 
(The study was authorized by the Medicines 
Control Council of South Africa and approved by 
the Ethical Committee for human investigations of 
the P of Medicine, University of Natal.) 


MATERIALS AND METHODS 


One hundred and sixty African females, ASA 
status I-II aged 15—50 yr, were studied after major 
. elective lower abdominal surgery. The purpose, 
methods and risks of the study were explained to 
each patient at the preoperative visit, and their 
informed consent obtained. ‘All pre-anaesthetic 


interviews and subsequent observations and re-- 


cordings¡after surgery were conducted by a single 
observer: (I.: L. . Pregnant women ¡and any 


patient jene d potent analgesic or with.a' 


history of chronic opiate abuse were excluded. 
One hundred and forty- -seven patients under- 
went elective Caesarean section and received no pre- 
anaesthetic analgésic or ataractic medication. The 
remaining 13 women were given diazepam 
5-10 mg i.m. 1 h before surgery, Anaesthesia was 
induced with thiopentone 3.5 mg kg ! i.v. and 
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maintained with 40-50% nitrous oxide in oxygen 
and a volatile agent (0.5% halothane or 1.0% 
enflurane). The lungs were mechanically ven- 
tilated thraughout the procedure. Muscle relax- 
ation was.achieved with alcuronium 0.2 mg kg” ' 
i.v. Administration of analgesic or neuroleptic 
agents was avoided during anaesthesia. 

After operation, in the recovery room, patients 
were allocated initially to two groups, depending 
on whether they reported moderate (group I, 80 
patients) or severe (group II, 80 patients) pain 
when questioned on wakening from anaesthesia. 
To enter the study, a patient had to express the 
need for pain relief and was then encouraged to 
wait approximately 15 min. Those patients who 
thereafter no longer expressed a need for analgesia 
were ‘excluded from the study. The remainder 
were given i.m. injection of a test drug. 

The patients were further subdivided, using 
separate randomization tables for groups I and II, 
into four dose groups (a, b, c and d) with 20 
patients in each. Patients received dezocine 5 mg 
(a), dezocine 10 mg (b), dezocine 15 mg (c), or 
morphine sulphate 10 mg (d). All drugs were 
dissolved in 1 ml of solution but not presented in 
identical ampoules. Therefore, before drug ad- 
ministration, all drugs were initially drawn into a 
2-ml syringe by the anaesthetist and handed to the 
observer for subsequent i.m. injection. The sol- 
utions of the test drugs had an identical appearance 


* in the syringe. Neither the patient nor the observer 


(1. L. S.) was aware of the nature, or dose of the 
drug given: 
( Macmillan Publishers Ltd 1981 
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Details of the drug used and dose given to each 
patient were entered by the anaesthetist into both 
the drug register and the patient's clinical record. 
The observer recorded the patient's name, hos- 
pital and drug ampoule numbers on a separate data 
sheet before injection of the drug. The patient’s 
chart and double-blind code were available only to 
the anaesthetist prescribing the postoperative 
analgesic. 

Evaluations of pain relief were made by request- 
ing the patient to judge whether the injection had 
provided complete (4 points), more than 50% (3 
points), equal to 50% (2 points), less than 50% (1 
point), no pain relief (0 points), or pain worse than 
before (— 1 point), with a high point score denot- 
ing good analgesia and a low value, inadequate 
pain relief. Simultaneously, an assessment of the 
degree of patient sedation present was made by the 
observer on the basis of none, mild, moderate or 
marked, designated 1-4, a high score indicating 
significant and a low value minimal sedative effect. 
Further evaluations of pain relief and sedation 
were conducted at 15 and 30 min, then 1,2 and 4h 
after analgesic administration. 

Patients with less than 50% pain relief at 30 mir 
were encouraged to wait an additional 30 min. If 
the response remained the same 1h after drug 
injection, the patient was given morphine sul- 
phate, with dose adjusted according to body 
weight and to compensate for the antagonist affect 
of dezocine to morphine. The study was then 
considered complete in that patient. 

Systolic and diastolic arterial pressures, heart 
and breathing rates, were recorded at each evalu- 
ation. Side effects observed during the study were 
noted. The results obtained were submitted for 
statistical analysis using appropriate tests for para- 
metric and non-parametric data by the 
Biostatisucs Department of Wyeth Laboratories 
(U.S.A.). 


RESULTS 


The average age, mean body weight and height of 
the patients in each of the four dosage series (a, b, c 
and d) and in groups I and II, were comparable 
except for patients in group I given dezocine 
15 mg and morphine 10 mg (series c and d), who 
were taller (P <0.05). 

Analyses of the pain relief score averages in 
group I using Kruskal-Wallis chi-square test 
corrected for ties (Siegel, 1956), shown in table I 
and supplemented for pair comparison by Dunn’s 
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multiple comparison procedure (Dunn, 1964) 
showed that dezocine 5 mg was significantly less 
effective than both dezocine 10 mg at 30 min 
(P«0.05), and dezocine 15mg at 2 and 4h 
(P «0.05). No statistically significant differences 
were noted between dezocine 10 and 15 mg, or 
between dezocine 5, 10, 15 mg and morphine 
10mg. Similar, but insignificant trends were 
noted in group II. 

Comparison of the proportions of patients with 
effective ( 5 5095) pain relief at each observation in 
the two broad categories using the Chi-square test 
and Fishers's exact test for pair comparison sup- 
plemented those findings (table II). In group I, 
dezocine 10 mg was more effective than dezocine 
5 mgat 4 h (P «0.05), dezocine 15 mg more effect- 
ive than dezocine 5 mg at 1, 2 h (P « 0.05) and 4 h 
(P «0.01), and dezocine 15 mg more effective than 
morphine 10 mg at 2 h (P « 0.01). 

Latency of onset of effective pain relief was 
slightly shorter after dezocine 10 and 15 mg injec- 
tions compared with morphine 10 mg and de- 
zocine 5 mg in groups I and II (table III), but no 
statistical differences in latency of onset of anal- 
gesia were demostrated in either group. 

Duration of analgesic action apparently in- 

creased with the dose of dezocine in both groups. 
The shortest duration of effective pain relief was 
seen after injection of dezocine 5 mg, morphine 
10 mg being intermediate between dezocine 5 and 
10 mg (table III). 
: No significant increase in sedation was noticed 
with any drug regimens except for two patients in 
group II who consistently were more sedated after 
administration of analgesia. Sedation score 
average showed a steady reduction from baseline 
throughout the study period. 

Systolic, diastolic and pulse pressures, and heart 
and breathing rates remained stable throughout 
the investigation in both major groups. None of 
the few changes noted 1n these measurements was 
considered clinically significant. 

Only six of the 160 patients studied experienced 
adverse side-effects. Two patients were nauseated 
and vomited after receiving dezocine 5 mg and 
morphine 10 mg respectively. 

One patient in each of the following treatment 
series suffered nausea after drug administration: 
dezocine 10 mg, 15 mg and morphine 10 mg. No 
significant difference in the frequency of side- 
effects was demonstrated between the four treat- 
ment regimens of groups I and II. 
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TABLE I. Pan relief scoré averages. n = 20 for each treatment. (K value is the Kruskal-Wallis chi-square connected for ties (Stegel, 


- 1956). *Stanstically significant at 0. OS level. Scoring of pain relief: Complete = 4; more than 50% relief = 3; 50% rehef = 2; less than 


50% rehef =1; no reef =0. High score indicates good analgesia. Pain worse = —1 











. Time after therapy 
Group b Treatment series 15 min 30 min lh 2h 4h 
Group I . (a)dezoane5 mg’ 0.4 * 0.8 13 1.1 0.5 
(moderate pain) (b) dezocine 10 mg 0.8 1.5 17 15 Lt 
(c) dezocine 15 mg x 0.7 1.4 1.9 20 ` 1.5 
(d) morphine 10 mg 0.5 0.9 1.4 1.3 0.8 
K value 5.021 11.133* 6.446 8.244* 11.288* 
P value 0.170 0.011 0.092 0.041 0.010 
Group II (a) dezocine 5 mg 0.4 0.8 1.1 0.7 05 
(severe pain) (b) dezocine 10 mg 0.5 - 10 1.5 1.4 1.1 
: (c) dezocine 15 mg 0.5 1.0 1.4 1.6 1.2 
ër ese (d) morphine 10 mg 0.4 0.9 1.5 14 1.0 
T e d i K value 1.010 " 1.614 2.522 7.270 5.053 
$s UMS P value 0.799 0.656 0.471 0.064 0.168 





TABLE II. Percentage patients with effective pain relief (250%) n = 20 for each treatment. *Staristically significant at 0.05 level 





Time after therapy 


Group Treatment series - 15min ` 30min 1h 2h 4h 
a HUMERIS 
Group I (a) dezocine 5 mg- 50 - 15.0 35.0 45.0 5.0 
(moderate pain) (b) dezocine 10 mg F 5.0 45.0 65.0 55.0 35.0 
: (c) dezocine 15mg "Ion 35.0 75.0 , 85.0 50.0 
(d) morphine 10 mg - ' 0.0 200 . 55.0 . 40.0 25.0 
y? value 2.105 5.533 77.161 9.905* 10.435* 
P value 0.551 0.136 0.067 0.019 0.1015 
Group II (a) dezocine 5 mg ` > 0.0 15.0 45.0 30.0 15.0 
(severe pain) (b) dezocine 10 mg 0.0 25.0 55.0 55.0 40.0 
E (c) dezocine 15 mg 0.0 30.0 50.0 70.0 45.0 
(d) morphine 10 mg 0.0 15.0 50.0 50.0 35.0 
x? value 0.000 2.017 0.400 6.554 4.786 
P value 1.000 0.569 0.940 0.088 0.188 


TABLE III. Mean latency of onset and duranon of effective pain relief (250%) (mn). *Condional arithmetic mean time of onset 
and conditional mean duration calculations based on data only from patients reporting effective pain relief. **Uncondinonal harmonic 
time of onset and overall mean duration computations include data from patients never obtaimng effective relief 





i Time of onset of analgesia Duration of effective pan relief 
` , Wetz **Harmonic 

Group “Treatment senes *Arithmetic mean ` mean ` *Conditional mean **Overall mean 
Group I dezocine 5 mg oi . o8 í. dd 66 
(moderate pain) dezocine l0 mg ` -7 4 ` 44 146 132 
dezocine 15 mg 2 . 57 ^ 44 200 . 180 
nn morphine 10 mg 55, : Tl 159 95 
Group II : . . dezocine 5 mg - 50 : 100 153 69- 
(severe pain) dezocine 10 mg à . 835 s ) G3 : 211 126 
dezocine 15 mg 68 65 195 146 


morphine 10 mg li 57 89 ` 194 107 
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DISCUSSION 


Estimation of the analgesic potency of a drug 
requires some immediate measure of the presence 
or absence of pain by initial patient judgement of 
its severity (Houde, Wallenstein and Rogers, 
1960). Our primary allocation of subjects to two 
broad categories was based on each patient's 
subjective assessment of the degree of pain suf- 
fered immediately upon wakening from the 
anaesthetic. 

The system of pain relief assessment used in this 
study is a modification of the quantal methods for 
the measurement of analgesic effect described by 
Beecher (1957) and by Swerdlow, Murray and 
Daw (1963), and is less popular than the more 
quantitative scale of pain relief or intensity (none, 
slight, moderate, marked or severe). However, 
provided the relative effects of the test medications 
under scrutiny are compared, results obtained 
using qualitative or quantitative measures of anal- 
gesic efficacy should not differ greatly (Houde, 
Wallenstein and Rogers, 1960). 

The pain relief score average obtained from two 
primary categories in this study, were similar 
(table I). However, the percentage of patients with 
effective pain relief (> 50%) at various times after 
medication (table IT) was less in group I compared 
with group Il, suggesting the value of previous 
classification of patients into moderate and severe 
pain groups. Although statistically significant dif- 
ferences between the four treatment groups (a, b, c 
and d) only emerged in the moderate pain group, a 
similar trend was apparent in the severe pain 
category. Statistically important differences might 
have been revealed in group II by increasing the 


number of subjects studied in each of the four- 


treatment groups. 

Dezocine, a new agonist-antagonist analgesic, is 
structurally related to pentazocine (fig. 1). A 2% 
aqueous solution has pH 4.6. Latency of onset, 
analgesic potency and duration ofaction of the new 
drug appear similar to morphine. In rats, dezocine 
has 0.56 the potency of nalorphine as an antagon- 
ist to morphine. The cardiovascular effects of 
dezocine in dogs are’ insignificant and the drug 
produces minimal respiratory depression in mon- 
keys (Investigator’s confidential brochure, 
Wy 16225, Wyeth Laboratories). 

Fragen and Caldwell (1978) compared dezocine 
5 and 10 mg with pethidine 25 and 50 mg in a 
double-blind randomized clinical trial. It was 
conducted in 187 patients with and without pre- 
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medication after a variety of surgical operations. 
The two test drugs produced comparable degrees 
of pain relief and sedation. Changes in vital signs 
and the frequency of side-effects after the injection 
of dezocine and pethidine were similar and clini- 
cally insignificant. These authors concluded that 
dezocine 10mg and pethidine 50mg were 
equipotent. Dezocine was not associated with 
nallorphine-like psychomimetic phenomena 
sometimes encountered after pentazocine admin- 
istration (Goodman and Gillman, 1975). 

This study indicates that dezocine is efficient 
and safe for the relief of moderate pain after lower 
abdominal obstetric or gynaecological surgery. 
Dezocine 10 mg provided analgesia equivalent to 
morphine 10 mg by injection. Dezocine 10 mg 
thus appeared more potent in the present study 
than in that of Fragen and Caldwell (1978) in that 
morphine is considered to be 8-10 times more 
potent than pethidine. The analgesic efficacy of 
dezocine was enhanced by increasing the dose to 
15 mg. Changes in systolic and diastolic pressure 
and heart respiratory rate were of no clinical 
significance. 

Our patients were minimally sedated im- 
mediately after awakening from general anaes- 
thesia. This could be related to the administration 
of premedication to only 13 of the 160 patients 
studied, the use of low concentrations of volatile | 
agents and the exclusion of potent analgesic or 
ataractic drugs from the anaesthetic maintenance 
technique. Neither dezocine 5, 10 and 15 mg, nor 
morphine 10 mg produced increased sedation. 

The frequency, of side-effects recorded after 
dezocine and morphine was small, but our clinical 
experience (Downing, Leary and White, 1971), 
and the unpublished results of a pilot study 
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conducted in this department suggest that emesis 
after operation occurs infrequently in the African 
patient. 

Undesirable psychological reactions may follow 


‘the administration of pentazocine (Goodman and 


, Gillman, 1975). Despite dezocine's obvious struc- 


tural relationship to pentazocine, no psychomim- 
etic phenomena were observed after dezocine 
injection by either Fragan and Caldwell (1978) or 
ourselves. Parenteral administration of penta- 
zocine may produce dependence in man 
(Goodman and Gillman, 1975). Dezocine neither 
substitutes .for morphine nor produces direct 
dependence when administered chronically- to 
monkeys (Investigators confidential brochure, 
Wy 16225). The potential for dezocine abuse by 
man is as yet unknown. MEE 

If clinical trials in man substantiate animal 
results, this new analgesic may be a useful sub- 
stitute for morphine and pethidine. 
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Wy 16225 (DEZOCINE), NOUVEL ANALGESIQUE 
PUISSANT, SYNTHETIQUE, OPIACE, AGONISTE 
ET ANTAGONISTE: COMPARAISON AVEC LA 
MORPHINE POUR LE SOULAGEMENT DE LA 
DOULEUR APRES INTERVENTION 
CHIRURGICALE DANS LE BAS DE L’ABDOMEN 


RESUME 


La dézocine (Wy 16225) est un nouvel analgésique que l'on a 
comparé, au cours d'une étude à double inconnue faite au 
hasard, à la morphine en doses de 10 mg admunistrées à 160 
femmes se plaignant de douleurs modérées (group I) ou fortes 
(group II) aprés une intervention chirurgicale à froid, dans la 
partie inférieure de l'abdomen; ces deux médicaments ont été 
administrés par voie intramusculaire. Dans le groupe I, le 
soulagement de la douleur à l'aide de la dézocine en doses de 10 
et 15 mg a été sensiblement plus grand que celui apporté par la 
dézocine en doses de 5 mg; la dézocine, en doses de 10 mg, 
semble étre équipotente à 10 mg de morphine. On a observé des 
differences similaires, mais insignifiantes du point de vue 
statistique, dans le group 11. La sedation des patients est restée 
minimale et les effets secondaires rebelles ont été peu fréquents 
avec toutes les doses de médicaments utilises pour les essais 


WY 16225 (DEZOCIN), EIN NEUER 
SYNTHETISCHER OPIAT-AGONIST/ANTAGONIST 
UND EIN STARKES ANALGETIKUM. VERGLEICH 

MIT MORPHIUM ZUR SCHMERZLINDERUNG 

NACH UNTERLEIBSEINGRIFFEN 


ZUSAMMENFASSUNG 


Dezocin (Wy 16225), ein neues Analgetikum, wurde 
willkúrlich und doppelblind mit oner Dosis von 10 mg 
Morphium verglichen—bei 160 Panentinnen, die über massige 
(Gruppe I) und schwere (Gruppe II) Schmerzennachelekuven 
Unterleibsoperanonen klagten; beide Drogen wurden intra- 
muskular verabreicht. In Gruppe I war die Schmerzlinderung 
mit 10 und 15 mg Dezocin wesentlich starker als mut 5 mg 
Dezocin; 10mg Dezocin schienen gleichstark wie 10 mg 
Morphium zu wirken. Ähnliche, aber statistisch unbedeutende 
Unterschiede wurden in Gruppe II festgestellt. Die Pauen- 
tunnen waren minimal sediert, und unerwunschte Nebener- 
scheinungen waren bei allen Dosen der Versuchsdrogen selten. 


Wy 16225 (DEZOCINA), UN NUEVO OPIATO 
SINTETICO AGONISTA-ANTAGONISTA Y UN 
POTENTE ANALGESICO: COMPARACION CON LA 
MORFINA EN LO TOCANTE AL ALIVIO DEL 
DOLOR DESPUES DE INTERVENCION 
QUIRURJICA EN LA PARTE BAJA DEL ABDOMEN 


SUMARIO 


La dezocina (Wy 16225), que es un nuevo analgésico, se ha 
comparado al azar y mediante métodos de doble anonimato con 


. 10 mg de morfina en 160 pacientes femeninos que se quejaban 
. de dolor hjero (grupo I) o agudo (grupo II), después de 
- intervención quirürjica de la parte baja del abdomen; ambas 
^ drogas se admunistraron con carácter intramuscular. En el 
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grupo I, el alivio del dolor mediante 10 y 15 mg de dezocina fue 
significattvamente superior al obtenido con 5 mg de dicho 
compuesto; 10mg de dezocina se presentaron como 
equipotentes a 10 mg de morfina. Así mismo, se observaron 
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diferencias estadisticas «insignificantes en el grupo II La 


.sedación de los pacientes fue minme y Jos efectos secundarios 


adversos no fueron frecuentes en todas las dosis de las drogas 
bajo prueba. 
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E.E.G. ACTIVITY DURING HALOTHANE ANAESTHESIA IN MAN 


E. OsHima, K. SHINGU AND K. MORI 


SUMMARY 


The effects of 1.v administration of suxamethonium and noxious stimulation induced by skin incisión on 
the e.e.g. were studied during halothane anaesthesia in man These stimuli induced activation of the e.e.g. 
which was represented by either low-voltage fast waves or high-voltage slow waves The low-voltage fast 
wave response was observed in adult patients while the high-voltage slow wave response was the 
predominant response in infants and children aged less than 8 yr. Suxamethonium induced the high- 
voltage slow wave response in 77% of cases, skin incision in 88%. The e e g. of four infants aged less than 
60 days did not show activation with either stimulus. Both types of e.e g. acnvation were associated with an 
increase in heart rate, increase ın arterial pressure and pupillary dilatation. The possible mechanisms 
involved in the production of activation of e.e.g. by i.v. administration of suxamethonium are discussed 


Transition from sleep to wakefulness or from 
relaxation to alertness is accompanied by a change 
from high-voltage slow waves (HVS) on e.e.g. to 
low-voltage fast waves (LVF). Moruzzi and 
Magoun (1949) demonstrated that high frequency 
stimulation of midbrain tegmentum in isolated cat 
brain preparations, and of peripheral nerves 1n cats 
given small doses of chloralose, induced this 
change in the e.e.g. These effects have been 
confirmed by numerous investigators, such as 
Arduini and Arduini (1954) and Killam and 
Killam (1958), using different anaesthetics. How- 
ever, Prince and Shanzer (1966) and Kaada and 
others (1967) showed that such stimulation in 
anaesthetized cats sometimes produced HVS, 
rather than LVF. 

One of us reported previously that changes in 
e.e.g. could also be induced in man during light 
halothane anaesthesia by skin incision or i.v. 
administration of suxamethonium (Mori 
Iwabuchi and Fujita, 1973). It was reported that 
the e.e.g. pattern of activity could be either LVF or 
HVS and that LVF responses were induced in 
adult patients while HVS occurred in infants and 
young children. Bimar and Bellville (1977) 
described these two types of e.e.g. activity induced 
by noxious surgical manipulation during light 
anaesthesia in man. However, they did not discuss 
factors which determined the type of e.e.g. pattern 
induced in individual patients. 


E. OSHIMA, M.D.; K. SHINGU, M D.; K. MORI, M D.; Department 


of Anesthesiology, Kyoto University Hospital, Sakyo-ku, 
Kyoto, 606 Japan 
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Inthis study an attempt was made to confirm our 
previous suggestion that the age of patient is the 
main factor determining the type of e.e.g. activity 
during halothane anaesthesia in man. 


METHODS 


Sixty-two patients were studied. Informed 
Consent was obtained at the preoperative visit from 
all adult patients and the parents of infants and 
children. Patients with cardiovascular, respiratory 
or neurological disorders were not included. No 
premedication was given. Anaesthesia was 
induced with 2.5-3.0% halothane in oxygen. After 
induction the larynx and trachea were sprayed 
with 4% lignocaine and the trachea was intubated. 
The concentration of halothane was then reduced 
to 0.5-0.75%. 

A continuous monopolar (ear as reference point) 
or bipolar e.e.g. was recorded with an eight- 
channel recorder (Nihon-Koden EEG-7109). The 
electrodes were 27-gauge subdermal needles. The 
high frequency filter was set at “off” and the low 
frequency filter at time constant 0.1 s. E.c.g. lead 
II was recorded simultaneously on one channel. 

Ten to 15 min after intubation, suxamethonium 
1 mg kg” | was administered i.v. and the e.e.g. was 
monitored for 10 min. Approximately 10 min later 
when the preparations for operation were complete, 
alcuronium 0.2 mg kg” ! was administered i.v., the 
skin incision made and effects of surgically- 
induced noxious stimulation on e.e.g. were 
observed. Breathing was assisted before 
administration of the muscle relaxants and then 
controlled manually. 
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RESULTS 


Data were collected from 56 patients in whom 
e.e.g. recordings were obtained successfully. The 
e.e.g. responses of individual patients induced by 
‘the two types of stimulation are shown in table I. 
Forty-two patients showed activation of e.e.g. 
following suxamethonium i.v., 11 showed no 
response and in three the recordings were 
unsatisfactory because of artefacts. In the same 
group of patients, 35 showed e.e.g. activation 
following skin incision, 15 no response and in six 
there were artefacts. Records containing artefacts 
were discarded. : 

The e.e.g. responses were either low-voltage fast 
waves (LVF) or high-voltage slow waves (HVS). 
They occurred several seconds after the. 
appearance of muscle fasciculations following 
suxamethonium or skin incision and returned to 
the pre-stimulation pattern within 5-10 min if no, 
further stimulation was applied. HVS response 
was sometimes preceeded (fig. 1) and always 
followed by LVF pattern of varying degree (fig. 2). 
The HVS response was not uniform on visual 
inspection but could be classified. The 
characteristics of the responses were as follows. 


235, 


LVF (“desynchronization”> 

LVF response was represented by a change in 
e.e.g. activity from high-voltage (10-12 Hz) to 
low-voltage (14-20 Hz) waves, which was similar 
to the e.e.g. pattern known as the arousal or 
desynchronization of cortical activity in the cat 
(Moruzzi and Magoun, 1949) (fig. 3). 


AVS (“synchrontzation’’) 

HVS response could be classified by the 
frequency of e.e.g. activity into four types as 
follows. 

Delta wave type. This type of response was 
characterized by a sudden appearance of 1.5-4 Hz 
sinusoidal rhythmic activity (fig. 1). LVF activity 
was always found to be superimposed on the slow 
waves. When the slow waves disappeared, the fast 
wave component became dominant and the typical 
“desynchronization” was noted. 


X 


Theta and delta wave type. 'This response was 
characterized by the mixture of delta (0.5-3 Hz) 
and theta (4—7 Hz) activity. E.e.g. activity was 
more irregular and the rhythmicity less dominant 
than in the other types of HVS response (fig. 2). 
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TABLE I. Patents and results. NR = no response induced by 
stimulation, — = record spoiled by artefact; LVF — low voltage 
fast wave response induced by stimulation; 6 = delta wave type 
activation; 0 = theta wave type activation; 0,6 = theta and delta 
wave type activation; a = alpha wave type activation 








Patient Skin Age 

no. Suxamethontum ^ incision (yr mth d) 
1 NR NR 25 
2 NR NR 40 
3 NR NR 40 
4 NR NR 54 
5 — — 2 
6 LVF LVF 3 
7 — — 3 
8 — — 3 
9 — 0 4 

10 NR H 4 

11 ô ô 6 

12 NR xn 6 

13 A NR 10 

14 NR NR 1 

15 8, ô 0, 6 1 

16 a 8, 6 1 1 

17 H 0 1 2 

18 == 0 1 2 

19 ó 0 ly 4 

20 ó NR 1 6 

21 E a 1 7 

22 ó ó 1 7 

23 Å= 8 l 11 

24 0 6 2 6 

25 0, ô 06. 2 8 

26 9 6 2 10 

27 NR NR 2 10 

28 H 0, ô 2 1 

29 0 — 3 

30 ó 0 3 8 

31 LVF — 3 10 

32 NR NR 4 3 

33 6, 6 — 4 4 

34 ó ó 4 7 

35 LVE 0 4 8 

36 a H 4 10 

37 LVF NR 5 

38 ô NR 5 8 

39 a a 5 8 

40 a « 5. 10 

41 LVF NR 6 4 

42 H ô 6 7 ` 

43 LVF LVF 7 

44 H NR 7 

45 ó . 6 7 

46 LVF ‘LVF 7 1 

47 — — 7 2 

48 NR NR 7 6 

49 LVF LVF 8 4 

50 LVF LVF 8 8 

51 LVF LVF 8 10 

52 NR NR 9 2 

53 LVF — 9 5 

54 LVF — 10 


f 
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TABLE I (cont.) 


Patient | S Age 
no. Suxamethonium incision (yr mth d) 
55 — — 11 
56 LVF - LVF 15 1 
57 — , — 26 E 
58 LVF LVF 29 
59 LVF LVF 38 
60 LVF — 44 3 
6l LVF LVF 46 
62 ‘LVEF LVF 48 2 


Theta wave type. This was characterized by 
rhythmic smooth sinusoidal high voltage e.e.g. of 
4-7 Hz (fig. 4). 

Alphawave type. This was characterized by high 
voltage (10-12 Hz) activity, similar to the so-called 
barbiturate spindle bursts (fig. 5). 

When the-e.e.g. responses were induced by both 
types of stimulation, the durations were not equal. 
When both stimuli induced HVS responses, the 
occurrence ‘of HVS and LVF activity in the 
responses and the types of HVS activity were not 
always identical (table 1). Therefore, the 
classification of e.e.g. response was based 
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essentially on the presence or absence of HVS 


` waves. Responses consisting only of LVF waves 


were classified as LVF responses. Those 
containing HVS waves of more than 10 s duration 
were classified as HVS responses even if the 
remainder of the response consisted of LVF 
waves. f l 

Using these criteria, the e.e.g. responses were 
examined following suxamethonium and skin 
incision in 30 patients. Eleven (37%) showed LVF 
responses and 18 (60%) HVS responses following 
both stimuli and one (3%) the LVF response after 
suxamethonium and the HVS response after skin 
incision (table II). 

Thirty-seven patients aged less than 8 yr 
showed either LVF or HVS response, or both, 
while the 12 older patients showed only the LVF 
response (table I). Of the younger group of 37 
patients, 31 had een, activation after 
suxamethonium, 24 (7796) showing the HVS 
response and 7 (23%) the LVF response (table 


IID). Twenty-six of the same group of patients 


showed e.e.g. activation by skin incision; 23 (88%) 
showing the HVS response and 3 (12%) the LVF 
response (table ITT). 


LF -C soror pe th ey A tok ere hoa Hp oe yl me etes P a A P 
LC- O citet nne a inh leta tre hey rue P Aen e ate e 
RF- PE ROA ees owe 


RC- Osce ela TW JE 


Ly Fasciculation 
Cont. of above 


ES 
uV 
1s 





Fie. 1. Delta wave type of e.e.g. activity induced by suxamethonium 1 mg kg ' 


1 v. ina patient aged 4 yr 7 


months (patient no. 34). The e.e.g. of balothane anaesthesia is replaced by LVF several seconds after the 
appearance of muscle fasciculations, followed by rhythmic snusoidal 3.54 Hz activity. The sinusoidal 
activity is then followed by LVF activity. . 


68 BRITISH JOURNAL OF ANAESTHESIA 


LO SAN a Ps Per Pag redegi rt VR E pm Irt le aaea iras 
Ly Fasciculation .—]100uV 


is 
Cont. of above 2 4 
tr see ls ATP (NP Pte A ee pte el Kate 
o MON vo meh RAP MN SPI ete NS ARMAR a had OA A aoa NIN Sena 
RENN aR See An AAA TAS Y NANO rs PAIN OO LOA ANSP IP SNP BS ARIS PN Ann, 
AAA ain aA ARA ARAYA AN NAAA AREA Ad Ie irish 


e l l 
E TTT D 
¿aci dr padre Hd Alt o a 
mte re E E 
eme tee erts Pi got hire A A dl e Keel éieren, 


be Skin incision 





Cont of above 
A eh er Pm P A team ted 
TT 
H DAN A gg ADOSADO RA EE 
Saber IPM we a NANA Pp An PAPA IA tp SORA e UAM ra soe 
Fic. 2 Comparison of e.e.g. activity induced by suxamethonium 1 v. and noxious stimulation induced by 
skin incision 1n a patient aged 2 yr 8 months (patient no. 25). 1: Effects of suxamethonium 1 mg kg” ! 1.v. 
Several seconds after the appearance of muscle fasciculations, theta waves occur and then delta band high- 
voltage activity. The HVS waves are followed by LVF waves seen at the last part of the trace 2. Effects of 


skin incision in the same patient. The record was obtained 20 min after 1 above. The changes in e.e.g. are 
similar to those induced by suxamethoaium. 
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Fic. 3 LVF type of e.e.g. activity induced by suxamethonium 1 mg kg”! 1.v. ın a patient aged 9 yr 5 
months (patient no. 53). Before the appearance of muscle fasciculations, the e.e.g. shows 10-12 Hz HVS 
waves which are replaced by LVF waves of 15-20 Hz approximately 5-7 s after the muscle fasciculations. 
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FIG. 4. Theta wave type of e.e.g. activity induced by suxamethonium 1 mg kg” 'i.v. ma patient aged 3 yr 
(patient no. 29). Several seconds after the appearance of muscle fasciculanons the e.e.g. is replaced by 
HVS of theta band acnvity. The HVS activity is followed by LVF activity at one-third of the lower trace. 
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Fic. 5. Alpha wave type of e.e.g. Ge by suxamethonium 1 mg kg” *i.v. ma patientaged 1 yr7 
~ . months (patient no 21). One to two seconds after the appearance of muscle fasciculations, a sudden 
increase occurs in e.e.g. voltage. This pattern 1s similar to barbiturate bursts. 


TABLE TI. Classification of ¢.e.g. activity pattern 


Suxa- Skin. 
methonium 1ncision 


Patient 
no. 





No response No response 


LVF À LVF 

LVF No response 
LVF Artefact — , 
LVF © HVS 

HVS ` HVS | C 
HVS R No response 
No response HVS 

HVS Artefact ` 
Artefact HVS 


1, 2, 3, 4, 14, 


27, 32, 48, 52 
6, 43, 46, 49, 


50, 51, 56, 58, 


59, 61, 62 
37, 41 

31, 53, 54, 60 
35 


11, 15, 16, 17, 
19, 21, 22, 24, 
25, 26, 28, 30, 
34, 36, 39, 40 - 


42, 45 


- 13, 20, 38, 44 


wn nd A 


The e.e.g. of four patients aged less than 60 days 
consisted of a mixture of irregular delta, theta and 


. alpha waves which were different from those of 


older patients who had waves of 10-12 Hz 
(Inamoto et al., 1964), and showed no change with 
either stimulation (table I). 

The e.e.g. activities were accompanied by 
increase in heart rate of 29.9 +3.9% (mean -- SEM; 
P «: 0.001) and increase in systolic arterial pressure 
of 13:2 +3% (mean X SEM; P «0.001) of control 


. following suxamethonium. Heart ‘rate was 


increased bv 26.9 +3.1% (mean +SEM;P <0.001) 
and systolic arterial pressure by 14.2+2.7% 
(mean + SEM; P <0.001) following skin incision. 


, TABLE III. E.e g. patterns of activity in patients aged less than 


8yr 





- LVF HVS Total 





Suxamethonium 7 24 31 > 
Skin incision 3 23 26 
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The ‘difference between the effects of suxa- 
methonium and skin incision was not statistically 
significant. The pupils were dilated by the stimuli. 
In some patients, these autonomic responses were 
evident even in the absence of apparent e.e.g. 
responses. 


DISCUSSION 


This study confirmed certain aspects of our 
previous work. First, stimuli such as skin incision 
and administration of suxamethonium i.v. can 
induce activation of e.e.g. during light halothane 
anaesthesia in man (Mori, Iwabuchi and Fujita, 
1973). Second, it was demonstrated previously 
that the e.e.g. of infants aged less than 60 days did 
not change under halothane anaesthesia and 
showed a different pattern from that of adults 
(Inamoto et al., 1964). In this study the neonatal 
pattern of e.e.g found under anaesthesia did not 
alter after stimulation. Third, although the 
background e.e.g. of infants becomes similar to 
that of adults at the age of approximately 60 days 
(Inamoto et al., 1964), the pattern of e.e.g. 
activation can be different in children: the e.e.g. 
response is represented by HVS in some infants 
and children, but always by LVF in adults (Mori, 
Iwabuchi and Fujita, 1973). 

Two possible mechanisms can be considered in 
the production of e.e.g. responses following i.v. 
administration of suxamethonium. One is the 
increase in muscle proprioceptive afferent activity 
and the other is pain secondary to muscle cell 
injury. Suxamethonium administered i.v. induces 
sustained contraction of intrafusal muscle fibres 
(Smith and Eldrid, 1961), while it induces only 
asynchronous contractions of extrafusal muscle 
fibres. Thus, there is a marked increase in the 
activity of muscle afferents (Granit, Skogland and 
Thesleff, 1953; Rack and Westbury, 1966). Hodes 
(1962) demonstrated  &.e.g. synchronization 
following gallamine i.v. and considered this to be 
caused by reduced proprioceptive discharge. 
Motokizawa and Fujimori (1964) reported 
desynchronization of e.e.g. following 
suxamethonium i.v. and ascribed this to the 
increase in muscle afferent discharge. Hodes 
(1962) attributed appreciation of the role of muscle 
proprioception for the regulation of levels of 
vigilance to Kleitman (1939) who reported that 
norma] human subjects, deprived of sleep for long 
periods, could remain vigilant as long as they 
walked around or stood up, while they fell asleep 
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when a significant number of kinesthetic 
influences were abolished, as when the subjects sat 
or lay down. Pompeiano and Swett (1962, 1963) 
and Giaquinto, Pompeiano and Swett (1965) 
studied the effects of stimulation of muscle 
afferents on the cat cortical e.e.g. and found that 
high frequency stimulation of group II afferents of 
the deep radial nerve induced strong behavioural 
and e.e.g. arousal response, while that of group II 
afferents from the hamstring nerve provoked only 
weak arousal response. They demonstrated that 
the stimulation of group I afferents had no effect on 
e.e.g. They suggested that a proportionately larger 
number of group II afferent fibres other than 
stretch afferent were present in the radial nerve, 
which may innervate pain receptors as reported by 
McIntyre (19622, b). Although there is no direct 
morphological evidence, there are reports 
suggesting muscle fibre injury induced by i.v. 
administration of suxamethonium. Tamisto and 
Airaksinen (1966) reported significant increase of 
CPK concentrations in human blood; Ryan, 
Kagen and Hyman (1971) reported release of 
myoglobin into the blood in approximately 20% of 
children, and Rack and Westbury (1966) reported 
irreversible change in muscle afferent activity in 
cats which suggested damage to intrafusal muscle 
fibres. Thus, pain in muscles and related 
structures may be part of the mechanism of 
induction of e.e.g. responses by suxamethonium. . 

Prince and Shanzer (1966) reported two types of 
e.e.g. response to identical reticular stimulation 
during pentobarbitone anaesthesia in cats: LVF 
response following small doses (3-6 mg kg; *) and 
HVS response following larger doses 
(12-25 mg kg *). Kaada and others (1967) also 
reported these two types of e.e.g. activation using 
adult cats anaesthetized with a pentobarbitone- 
chloralose mixture. However, they emphasized 
individual differences in the responses: HVS 
response was predominant in about one-third of 
animals, LVF in another third, and LVF and HVS 
were about equally elicited but at different times 
(possibly different depth of anaesthesia) in the 
remaining one-third. In our study, HVS was 
induced in 77% by suxamethonium and in 88% by 
skin incision in patients aged less than 8 yr, but 
never in older patients. 

We found various e.e.g. types of HVS responses 
in man. A review of the figures of Kaada and others 
(1967) revealed similar variations: the delta wave 
type in their figure 2, the theta wave type in figures 
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1 and 4 and the alpha wave type in figure 5. In our 
study, different types of HVS responses were 
induced in six of 18 patients in whom both forms of 
stimulation induced HVS responses. There was 
- one patient in our study in whom suxamethonium 
induced LVF response and skin incision induced 
HVS response. In the study of Kaada and others 
(1967), LVF and HVS were equally elicited at 
different times in one-third of the cats. All these 
responses suggest that the presence or absence of 


HVS waves in e.e.g. activation is not rigid and that - 


not only the individual differences and age, but 
also the depth of anaesthesia may have some role as 
proposed by Prince and Shanzer (1966). However, 
since our patients were awaiting surgery and we 
could not repeat the studies at different depths of 
anaesthesia, this factor could not be evaluated. 
A similar HVS e.e.g. has been described in 
children during natural sleep when there is some 
excitatory component, such as following arousal 
stimulation, the transition from wakefulness to 
sleep and the paradoxical phase of sleep. During 


` these phases of sleep, more than half the infants : 


and children more than 2 months of age have been 
reported to produce rhythmic sinusoidal HVS 
waves of delta to theta range activity, which have 
been termed “hypersynchrony” for transition 
from wakefulness to sleep, and “post-arousal 
hypersynchrony” for the response to stimulation 
(Kellaway and Fox, 1952). The relationship, be- 
tween the HVS response during anaesthesia and 
the sleep “hypersynchrony” has not been studied. 
Both HVS and LVF responses are probably 
related to the activation of the central nervous 
system since it has been confirmed that these e.e. g. 
responses were accompanied by lightening of 
anaesthesia (Prince and Shanzer, 1966; Kaada et 
al., 1967; Bimar and Bellville, 1977). 

- The basis of the individual differences and the 
effects of different depth | of anaesthesia on the 
e.e.g. pattern: of: activation require further 
clarification. 
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ACTIVATION DE L'E.E.G. PENDANT UNE 
ANESTHESIE A L'HALOTHANE CHEZ L'HOMME 


RESUME 


Les effets sur Deeg de l'administrauon mtraveineuse de 
suxaméthonium et de la stimulation nocive induite par 
I'incision de la peau, ont été étudiés, chez l'homme, pendant 
une anesthésie à l'halothane Ces sumulants ont induit une 
activation de l'e.e.g. qui a été représentée soit par des ondes 
rapides à basse tension, soit par des ondes lentes à haute 
tension La réaction représentée par des ondes lentes à haute 
tension a été la réaction prédominante chez les bébés et les 
enfants ágés de moins de 8 ans. Le suxaméthonium a provoqué 
la réaction par ondes lentes à haute tension dans 77% des cas; 
I'incision de la peau dans 88% des cas. L'e.e.g. de quatre bébés 
ágés de moins de 60 jours n'a accusé d'activation avec aucun des 
deux sumulants. Les deux types d'acuvation de l'e.e g. ont été 
associés à une augmentation de la fréquence cardiaque, à une 
augmentation de la pression artérielle et à une dilatation des 
pupilles. Les mécanismes qui sont probablement en cause dans 
la production de l'activation de Pe e.g. par suite de l'adminis- 
tration intraveineuse de suxaméthonium font l'objet de 
discussions. 


E.E.G.-AKTIVIERUNG WAHREND 
` HALOTHANNARKOSE BEIM MENSCHEN 


ZUSAMMENFASSUNG 


Die Auswirkungen einer intravenósen Verabreichung von 
Suxamethonium, und die schadliche Stimulierung des e e g. 
durch Hauteinschnitte wurden beim Menschen unter Halo- 
thannarkose untersucht. Diese Stumuh bewirkten eme 
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Aknvierung des e.e.g., die sch durch schnelle Nieder- 
spannungswellen oder durch langsame Hochspannungswellen 
manifesuerte. Die Reakuon von schnellen Niederspannungs- 
wellen wurde bei erwachsenen Pauenten beobachtet, wahrend 
die andere Reaknon vor allem bei Kleinkindern und Kindern 
unter 8 Jahren auftrat. Suxamethomum rief Reaktion von 
langsamen Hochspannungswellen in 77% aller Falle hervor; 
durch Haute:nschnitte wurde die Reakuon in 88% hervor- 
gerufen. Das e.e.g. be 4 Kindern unter 60 Tagen zeigte 
keinerlei Akuvierung. Beide Arten der Aktivierung erfolgten 
zusammen mit Erhóhung von Herztatigkeit, arteriellem Druck 
und Pupellenerweiterung. Die diese e.e.g.-Aktivierung 
auslosenden Mechanismen nach Suxamethonium-Vera- 


* breichung werden diskutiert. 


ACTIVACION DEL ELECTROENCEFALOGRAMA 
EN EL HOMBRE DURANTE LA ANESTESIA CON 
HALOTANO 


SUMARIO 


Durante la anestesia por halotano en el hombre, se estudiaron 
en el electroencefalograma los efectos de la administración 
intravenosa de suxametoniom y de la estimulación nociva 
producida por incisión en la piel. Estos estímulos indujeron la 
activación del electroencefalograma, el cual se representó 
mediante ondas rápidas de bajo voltaje o mediante ondas lentas 
de alto voltaje. La respuesta de ondas rápidas de bajo voltaje se 
observó en pacientes adultos mientras que la de ondas lentas de 
alto voltaje fue la respuesta predominante en niños de edades 
inferiores a 8 años. El suxametoniom indujo la respuesta de 
ondas lentas de alto voltaje en el 77% de los casos y la incisión en 
la piel en el 88% de estos Los electroencefalogramas de 4 mños 
con edades inferiores a 60 dias no mostró tal activación bajo 
ninguno de los estimulos. Ambos upos de activación del 
electroencefalograma vinieron asociadas con un incremento del 
ritmo cardiaco, un incremento de la presión arterial y una 
dilatación de las pupilas. Se discuten los posibles mecanismos 
compromeudos en la producción de la activación del electro- 
encefalograma causada por la administración intravenosa de 
suxametoniom. 
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MEASUREMENT OF METABOLIC GAS EXCHANGE DURING 
ANAESTHESIA 


A method using mass spectrometry 


C. P. H. HENEGHAN, C. E. GILLBE AND M. A. BRANTHWAITE 


SUMMARY 


A method 1s described for measuring metabolic gas exchange dumng general anaesthesia using a 
respiratory mass spectrometer, a mixing box and two mert tracer gases. Measurement of inspired and 
expired minute volume 13 possible to within 2%, oxygen consumption, carbon dioxide output and 
respiratory quotient can be measured to within 1096. 


Metabolic gas exchange is measured 
conventionally by collection and analysis of 
expired gases. The composition of the expirate can 
be analysed in a number of ways, but anaesthetic 
gases interfere with several instruments, including 
the mass spectrometer. The calculations also 
require knowledge of the volume of inspired gas 
and this is usually derived by assuming that a 
steady state exists, and that the nitrogen uptake 
and output of an air-breathing subject are equal. 
This assumption cannot be used during general 
anaesthesia because, even if oxygen uptake and 
carbon dioxide excretion are stable, exchange of 
inert gases such as nitrous oxide and nitrogen 
continues in small quantities for many hours. 
Davis and Spence (1979) have described a 
modification to a respiratory mass spectrometer 
(Centronic MGA 200) which allows the analysis of 
respiratory gases in the presence of anaesthetic 
gases and vapours. This system is available 
commercially, and an evaluation of its 
performance when installed centrally in a three- 
room operating theatre suite has been reported 
recently (Gillbe, Heneghan and Branthwaite, 
1981). Unobtrusive methods for measuring 
metabolic gas exchange by means of mass 
spectrometry have been described by Davies and 
Denison (1979) and by Abbott and others (1980), 
the first of these groups using a mixing box (also 
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available commercially from T. C. Centronic Ltd, 
Croydon, Surrey) and tracer gas to calculate 
expired minute volume during procedures such as 
cardiac catheterization. Their methods can be 
extended tc the measurement of metabolic gas 
exchange Curing the unsteady conditions of 
general anaesthesia by supplying a second inert 
tracer gas to the inspired mixture and recording its 
concentration in both inspired and expired gas; 
details of the technique are reported here. 


METHODS 


The circuit is illustrated diagrammatically in 
figure 1. Pure argon was added to the fresh gas flow 


YN 





Lungs 
Fic. 1. Circuit used for the determination of metabolic gas 
exchange during anaesthesia. VN; = known supply of nitrogen 
to mixing box; MS = mass spectrometer. 
to the ventilator so that the inspired concentration 
was 2-5%. The inspired concentrations of argon 
and oxygen, and the end-tidal concentrations of 
carbon dioxide and nitrogen were measured in gas 


© Macmillan Publishers Ltd 1981 


74 


: sampled from the endotracheal tube connector. 
The expired gas was delivered to a mixing box 
which was situated beyond the expiratory valve of 
the ventilator. A low flow of nitrogen 
(200-500 ml min” +) was added to the inlet of the 
mixing box and the concentrations of oxygen, 
carbon dioxide, argon and nitrogen in the mixture 
were measured by sampling from the outlet. The 
volume flow of nitrogen was measured by timing 
water displacement from an accurately calibrated 
100-ml syringe. 

All gas concentrations were measured using the 
sample delivery system, mass spectrometer and 
calibration procedure described previously 
(Gillbe, Heneghan and Branthwaite, 1981). The 
output from the mass spectrometer was supplied 
to a four-channel Linzeis recorder, which has a 
zero-offset on two channels so that small changes 
can be detected against a larger background signal. 

The calculations required to complete the ana- 
lysis and derive inspired and expired minute 
volume, oxygen uptake, carbon dioxide output and 
respiratory quotient are given below. A 
programmable calculator has been used to 
complete these stages quickly. 

Mixing is considered to occur in two stages: 
first, mixing of expired gas and second, dilution 
and mixing of this expirate with a known flow of 
nitrogen. 

The following symbols were used: 

Fig,, Ft,, = fractional inspired concentrations of 
oxygen and argon; 


FEo, FEcoy FEn, = fractional concentrations in * 


mixed expirate of oxygen, carbon dioxide and 
nitrogen; 

FE'co,; PE'y, = fractional end-tidal concentrations 
of carbon dioxide and nitrogen; - 

Fimo, Fmoo, FMa» Fmy, = fractional concen- 
trations at the exit from the mixing box of oxygen, 
carbon dioxide, argon and nitrogen; 

VN, = flow rate of nitrogen (litre min” !); 

Vg, V1 = expired and inspired minute volumes 
(litre min” 5); 


Vo,, Vco,, RQ = oxygen consumption, carbon 
dioxide output and respiratory quotient. 


All fractional gas concentrations were measured 
dry. VN,, Vi and VE were expressed at a.t.p.d. 
during the calculations and, at their conclusion, V1 
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and VE were converted to b.t.p.s., and Vo, and 
Vco, to s.t.p.d. for conventional presentation. 
For carbon dioxide: 
(Ve + Vw; x Fico, = VE x Fico, (1) 
For nitrogen: 
(Ve + VN,) x Fmy, = (VE x FEy) + VN, (2) 
Rearranging, and dividing (2) by (1): 











Fm Vu FE 
Nz 2 Nm (3 
Figo, ( Ve + Vn.) x Fmco, FF co, 3) 
But 
_FEN Feu, 
FEco, PE co, 
Let 
F F 
ENS S 
FE'co, 


Substituting in (3) and rearranging: 
aFmco (VE + VN2) = Fmy (Ve + Vn 7) Dn: 


Solving for V: 
ls = VN (1 — Fmy, + oFmoo,) 
Fmy, — «Fmgo, 
V1 is derived from: 
Vi x Fip = (VE + UN) x Fm,, (5) 
Using values for VE and V1 derived in (4) and (5) 
Veo, = (VE + VN2)Fmco, — (VI x Figo,) 
Vo; = (Fio, x VD — (Vs + VN;)Fmo, 


. Veo, 
= Vo, 


The expression (4) assumes there is neither 
nitrogen nor carbon dioxide in the inspired gas; 
if there is, the tracer gas supplied to the mixing box 
must not be present in the expired gases. 

Evaluation. Serial measurements have been 
made on four patients during cardiac surgery, 
two patients being studied both before and 
after cardiopulmonary bypass. Clinical details and 
the number of measurements made on each subject 
are given in table I. Anaesthesia was maintained 
with nitrous oxide 60-70% in oxygen, parenteral 
analgesics and muscle relaxants. Recordings were 
made every few minutes for periods of up to 1h 
during which both the anaesthetic and the 
haemodynamic status were considered to be 
stable. 


(4) 





— 
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TABLE I. Clinical details and number and timing of measurements made oh four patients. (a) = measurements 
made before cardiopulmonary bypass; (b) = measurements made after cardiopulmonary bypass. * Uncuffed 
endotracheal tube in use; laak around the tube only during inspiration 








: Measurement 
Age — Weight period Number of 
(yr (kg) Operation : (min) readings 
ET. 60 64 Insertion of 58 13 
pacemaker 
JS. 70 69 Aortic valve 62 17 
replacement; 
pre-bypass 
P.B.* 45 18 Repair of sinus (a) 54 12 
f venosus defect (b) 32 9 
F.S. 61 9) Triple coronary (a) 73 13 
vein graft (b) 36 16 





The mean and standard deviation for each 
variable were calculated for each patient, and the 
reproducibility of the method was assessed furthut 
by expressing each individual value as a percentage 
of the appropriate mean, and then calculating the 
standard deviation of all rhese percentages. 


t 


RESULTS 


'The mean and standard deviation for five variables 
are Shown for each patient in table II. The 
“reproducibility of the method is given in table III 
which lists the standard deviations of all values 
expressed as percentages of their appropriate 
means. The percentage variation was less than 
10% for all variables, and less than 2% for inspired 
and expired volume. 


DISGUSSION 


The standard technique for measuring metabolic 
gas exchange has been modified by using à tracer 
gas, argon, instead of atmospheric nitrogen to 
detect the difference between inspired and expired 


TABLE IIl. Standard deviations (V6) for all values of five 
variables, wher: each value has been expressed as a percentage of 
the appropriate mean, n = 80 


p 





Ve Voco; RQ 








‘volumes. Argon was chosen because it is inert, 


safe, cheap, virtually insoluble and easily detected 
by the mass spectrometer. 

Attempts to base all the measurements on the 
addition of a known flow of argon to the fresh gas 


‘supply before delivery to the patient were 
-unsuccessful. Gas loss within the ventilator and 


alterations in flow rate of the tracer caused by back 
pressure (120 mm Hg in the Blease-Brompton | 
ventilator) preclude quantitative estimations of 
volume if -he tracer is delivered proximal to the 
ventilator. Inadequate mixing before delivery to 
the patient invalidates the method if the tracer is 
suppliéd on the inspiratory limb of the ventilator 


TABLE 11. Mean and standard deviations for five variables determined at the times Kisted in table I. 
- (a) = measurements made before cardiopulmonary bypass; (b) = measurement made after cardiopulmonary bypass 








Vs En Vo, Vco, 
(litre min”! (litre min”! (ril thin” (ml min ^! 
b.t p.s.) b.t.p.8.) $.t.p.d. s.t p.d.) RQ 

Subject (mean t: SD) (mean SD) (mean + SD; (mean + SD (mean ++ SD) 
E.T. 8.35 £0.17 8.52 +0.18 159417 126+ 9 0 79+0.10 
LS. 6.68 +0.08 6.84 10.07 | 168417 1334 6 0.79 +0 09 
P.B. (a) ` 5,51 10.03 5.59 40.03 1314 5 904 2 0.69 --0.03 

(b) 5.14 +0.03 5.23+0.02 . 125- 6 874 3 0.70 £0.03 
F.S. (a) 9.77 £0.20 | 10.00 +0.23 245 £21 187 423 0.76 0.11 

(b) 11.39 £0.11 11.63 +0.09 236415 174+ 9 0.74-40 07 
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circuit. For these reasons, a second tracer was used 
to quantitate gas flow from the patient through the 
mixing box and the first tracer was used solely to 
determine the ratio of inspired to expired volume. 

Nitrogen was chosen as the second tracer gas 
because it is cheap, easy to obtain, and easy to 
measure in the presence of the other gases (Gillbe, 
Heneghan and Branthwaite, 1981). It is virtually 
always present in low concentration in the 
patient’s expirate but, because expired carbon 
dioxide is diluted in the mixing box to the same 
extent, the ratio of the end-tidal concentration of 
nitrogen to that of carbon dioxide can be used to 
determine the contribution which the patient’s 
expired nitrogen makes to the concentration 
recorded at the exit from the mixing box. This 
contribution is trivial except at the very beginning 
of an anaesthetic, when alveolar nitrogen is being 
washed out and replaced with nitrous oxide, and is 
considerably less than 0.5% within 15-20 min. 
The degree of dilution of carbon dioxide and 
nitrogen is different if one but not the other is 
present in the inspired mixture, because the gas in 
the mixing box includes the compression volume 
of the ventilator circuit. In these circumstances, 
the tracer supplied to the mixing box must not be 
present in the expired gas. 

The variability determined in this study may 
include changes occurring with time but, even so, 
the figure was less than 10% for all variables. The 
technique can be used in any circuit where the total 
expirate can be collected and, although satisfactory 
measurements are more difficult to make during 
paediatric anaesthesia because of gas leaks around 
the endotracheal tube, the method can be used 
provided the leak only occurs during inspiration 
and all the expired gas reaches the mixing box. 

A comparison with other methods for 
measuring metabolic gas exchange has not been 
undertaken. The mixing box technique was 
validated by Davies and Denison (1979), who 
compared the values obtained using this method 
with those derived by conventional collection and 
analysis of expired air at rest, on exercise, and 
during i.v. anaesthesia and controlled ventilation 
with air. The system reported here for measuring 
expired minute volume is identical and the method 
has only been elaborated by incorporating a second 
tracer gas. This means that the inspired volume 
can be calculated too, even though other inert 
gases (nitrogen and nitrous oxide) are not in 
_ equilibrium. 
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MESURE DE L'ECHANGE EN GAZ METABOLIQUE 
PENDANT L'ANESTHESIE 
Methode unlisant la spectrométrie de masse 


RESUME 

On décrit dans cet article une méthode permettant de mesurer 
l'échange en gaz métabolique pendant l'anesthésie générale, à 
l'aide d'un spectrométre de masse respiratoire, d'une boite de 
mélange et de deux gaz inerts marqueurs. On peut mesurer le 
volume courant inspiré et expiré jusqu'à une précision 
d'environ 2%; la consommation d’oxygéne, le degagement 
d'acide carbonique et le quotient respiratoire pouvant être 
mesurés dans les limites de 10%. 


MESSUNG DES METABOLISCHEN 
GASAUSTAUSCHES UNTER ANASTHESIE 
Eine Methode unter Verwendung von Massenspektrometrie 


ZUSAMMENFASSUNG 


Beschrieben wird eme Methode zur Messung des meta- 
bolischen Gasaustausches wahrend allgemeiner Narkose 
mittels eines respiratorischen Massenspektrometers, eines 
Mischbehalters und zweier inaktver Tracer-Gase. Die 
Messung des eingeatmeten und ausgeatmeten Minuten- 
volumens ist mit einer Genauigkeit von 2% moglich; 
Sauerstoffverbrauch, Kohlendioxydabgabe und Atmungs- 
quotient konnen innerhalb von 10% gemessen werden. 


MEDICIÓN DEL INTERCAMBIO DE 
METABÓLICO DURANTE LA ANESTESIA 


Un método basado en el uso de espectrometría de masas 


GAS 


SUMARIO 


Se describe un método para medir el intercambio de gas 
metabólico durante la anestesia general, usando un espectró- 
metro de masas de carácter respiratorio, un recipiente de 
mezclas y dos indicadores de gases inertes Es posible efectuar 
la. medición Ce pequeños volúmenes de aspiración y de 

-espiración con una tolerancia del 296; el consumo de oxigeno, la 
producción de dióxido de carbono y el cociente respiratorio 
pueden medirse con una tolerancia del 10% 
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THE CONCEPT OF DEADSPACE WITH SPECIAL REFERENCE TO THE 


"SINGLE BREATH TEST FOR CARBON DIOXIDE 
"R: FLETCHER, B. JONSON, G. CUMMING AND J. BREW - 


SUMMARY 


We present a review and a theoretical analysis of factors determining airway deadspace (Vp*™) and 
alveolar deadspace (Vp""), the two constituents of physiological deadspace (Hop), Vp*"1s the volume of 
gas between the lips and the alveolar/ fresh gas interface, the location of which is determined by inspiratory 
flow pattern and airway geometry. Vp?" can be caused by incomplete alveolar gas mixing and associated 
V/Q mismatching within the terminal respiratory units, temporal V/Q mismatching within units, spatial 
DI mismatching between units, and venous admixture. Most causes of Vp?*" are influenced by 
inspiratory flow pattern and the time available for gas diffusion and distribution. Analysis can be made 
from the single breath test for carbon dioxide (SBT-CO ;) which is the plot of fraction of carbon dioxide in 
expired gas against expired volume. The common causes of Vp*" are associated with a sloping SBT-CO, 
phase III. Combination of SBT-CO, with Paco, yields Vp" and Vp*'*. A sloping phase III with a 


_negative arterial-end-ndal Pco, gradient imphes compensation by perfusion for early emptying, 


overventilated alveoli. 


The RE deadspace (VD) was originally 
defined by Bohr (1891): 


Vo _ ¡_FEco, (1) 
VT FAgo, 


where f 
VT = tidal volume; 


FE og, = fraction of carbon dioxide in 
mixed expired gas; 


F Ačo, = fraction of carbon dioxide in 
alveolar gas. (PCO, may be used 
instead of fraction.) 

F€co,/FAgo, expresses the extent to which 
expired gas contains alveolar gas. Hence Vp/VT 
defines in some way the part of tidal volume not 
representative of alveolar gas. For lungs with a 
non-homogenous FAco» the definition. and 
sampling of alveolar gas proved to be a source of 
disagreement which was never satisfactorily 
resolved, for example the debate between the 


(1938) who used Paco,» the partial pressure of 


- carbon dioxide in arterial blood, as a measure of 


Oxford and Copenhagen schools reviewed by ` 


Bannister, Cunningham and Douglas (1954). 


Bohr’s equation was later modified by Enghoff 
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Department of. Anaesthesia,’ 


“or more 


alveolar Pcc,. If the blood is in diffusion equili- 
brium with alveolar gas, then: 

Vp?" 1| PÉco, 

VT Paco, 


where Vp! = physiological deadspace. 

“Blood is.now regarded as “a physiological 
integrator of the CO, pressures existing in all parts 
of the lung” (Riley et al., 1946). This approach has 
considerable practical advantages. However, it is 
important to realize that venous admixture 
contributes to Vp?" by increasing Paco, 
(equation (2)) and that this contribution does not 
represent ventilation of any space. 

Physiological deadspace can be divided into two 
compartments. Anatomical, series 
(Folkow and Pappenheimer, 1955) or airway 
deadspace (VDp*") is the deadspace created by the 
convective airways to the point where mixing with 
‘alveolar gas occurs. A similar deadspace may be 
created by apparatus such as mouthpieces etc., 
connected to the airway. 

A second deadspace compartment is the 
intrapulmonary, parallel (Folkow and 
Pappenheimer,-1955) or alveolar deadspace (Vp*'") 
(Severinghaus and Stupfel, 1957). 


Airway deadspace 
The airway deadspace extends from the lips to the 


© Macmillan Publishers Ltd 1981 


(2) 


78 


interface between inspired and alyeolar gas, The 
nature of this interface has been described by 
Cumming (1978). Convection can be expressed in 
terms of a linear yelocity of inspired gas, the 
velocity decreasing continuously as it flows 
through the airways as a consequence of increasing 
total airway cross section (fig. 1). This fresh gas 
creates a concentration gradient which causes 
diffusive mixing. The diffusion may also be 
expressed as the velocity of alveolar gas in the 
opposite direction. The position of the interface 





Y 
GAS TRANSPORT 
BY CONVECTION 





GAS TRANSPORT 
BY WER 





Fic. 1. Factors determining the location of the interface 
between inspired and alveolar gas. Apart from the diffusion 
coefficient of the gas 1n question, :hese are the linear velocity of 
the inspired gas (convection) and the velocity of alveolar gas, 
moving by diffusion, in the opposite direcnon. 


between fresh and alveolar gas is determined by ' 
the movements of the two gases. During early 
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inspiration, the interface moves rapidly towards 
the alveoli. If inspiratory flow is constant, it may 
reach a stationary position, probably in the region 
of the respiratory bronchioles. The exact position 
is determined by airway total cross sectional area 
and geometry, inspiratory flow and the diffusion 
coefficient of the gas. At the start of expiration, 
convection rapidly moves the interface into airway 
segments with a small cross sectional area, where 
diffusion is unimportant, and then to the airway 
opening. VD*” is the volume of gas expelled when 
the interface is brought to the lips. 

Because functional factors such as inspiratory 
and early expiratory flow and flow pattern 
influence the position of the interface, Vp** cannot 
be defined in anatomical terms. It is a functional 
definition of the volume of the airway in which 
movement of gases occurs principally by 
convection. The best descriptive term would be 
convective airway deadspace. 


Alveolar deadspace 


Alveolar deadspace is defined by: 


Vo = ype — y pe (3) 


It includes deadspace from all causes distal to the 
gas interface. These are ventilation/perfusion 
(V|Q) mismatching within the terminal 
respiratory units; V/Q mismatching between 
units; the apparent deadspace caused by venous 
admixture or right to left shunt; and temporal 
deadspace (table I). í 


TABLE I. Causes of alveolar deadspace 





Type of deadspace Location 


Relationship to ume 





Alveolar mxng defect 


Within units 
V|Q mismatching 


Dependent upon nme available for 
diffusion mixing in units 


` Spatial maldistribunon Between units Dependent on time available for 
V/Q mismatching between-units distribution 
(sequential cause) 
or 
Time independent 
(non-sequendal cause) 
Temporal Within units Dependent on differences between 
VIO mismatching flow-time curves of ventilation 


Venous admixture 


or 


Non-venulated units 
(pulmonary cause) 


and perfusion in the same unit 
Time independent 


Outside units 
(cardiac cause) 





“DEADSPACE AND SINGLE BREATH TEST: FOR coz 


Mixing within thè teria respiratory unit is 
most effective proximally: but less so distally, 
implying a series type of deadspace. For this 


reason we prefer not to use the term series, 


deadspáce synonymously with VD*”, 

Spatial V/Q mismatching is a cause of parallel 
deadspace as conceived by  Folkow " and 
Pappenheimer (1955) in which well perfused and 
under-perfused units empty simultaneously in 
parallel. Whether these units empty 

- synchronously or asynchronously will be shown to 
be of great importance in the analysis of deadspace. 

Alveolar deadspace attributable to temporal 
mismatching of ventilation and perfusion 


(Cooper, 1961) implies that maximum ventilation. 


and maximum perfusion do not occur 


simultaneously. The term alveolar deadspace is: 


the only one which satisfactorily describes this 
group of deadspaces distal to.the interface. It is 
inappropriate only in the presence of cardíac left- 
to-right shunts, when the cause lies outside the 
alveolar region. 


The measurement of dead space 
The classical method: for estimation of Vp?™* is 
collection of expired air over a period of a ‘few 
minutes during steady state with. simultaneous 
sampling of arterial blood. Pco, of both samples is 
then determined and deadspace fraction calculated 


from equation (2). If VT is known, the absolute. 


value for VD is obtained. 
The same principle may be applied to a single 
expiration. Figure 2 represents the plot of expired 
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are: 

- phase I, Geen carbon dosideiies gas from 
the airway deadspace, 

phase II, the S-shaped upswing which re- 
presents the transition between airway and 
alveolar gas. 

phase III, the alveolar plateau, representing 
carbon dioxide-rich gas from the alveoli. 

Phase 1 should not include apparatus deadspace 
unless specified. Phases II and III together re- 
present the effective part of tidal volume (V1*^) 
that contributes to gas exchange. 

Fowler (1948) measured airway deadspace from 
the plot of expired nitrogen after a breath of 
oxygen against expired volume by extrapolating 
phase III to the left and placing a perpendicular so 
as to divide phase Il into two triangles of equal area 
(fig. 3). Vp?” is the volume to the left of the 
perpendicular. Similar values for JVDp'" are 
obtained using SBT-CO, (Bartels et al., 1954). 


equilibrium 
with arterjal 
blood 





Fic. 3. Physiological deadspace and its subdivisions as 

illustrated by the single breath test for carbon dioxide modified 

from Fowler (1948) and Nunn (1977d). Triangles p and q are of 
equal area. a = end-udal-arterial Fco, difference. 


An alternative presentation of SBT-CO, is that 


' of Langley and others (1975), who plotted the 





Expired FCO) 


Expired volume ` 


Fic, 2. The three phases of SBT-CO),. Phase I 1s the carbon 


dioxide-free ineffective udal volume, or absolute deadspace. 
Phase II represents the transition between airway and alveolar 
gas, Phases 11 and III together are the carbon dioxide- 
containing part of the breath or effective tidal volume. Phase III 


slopes upwards because low V/Q alveoli with high Pago, . 


content make a relauvely larger contribution to late expiration, 
and alveolar Pco, increases continually during expifation. 


carbon dioxide fraction (FE o) against expired . 


volume, which is the single breath test for carbon 
dioxide (SBT-CO,). The features of the tracing 


volume of expired carbon dioxide against expired 
volume (fig. 4). This produces almost a linear 
tracing which can be extrapolated to the x-axis. 
Vp?" corresponds well with that determined by 
Fowler's method. 


Expired CO» (mi) 





Fic. 4. The method of Langley and others (1975) for estimation 

of airway deadspace. Expired carbon dioxide volume is plotted 

against expired volume. The first almost linear part of the 

tracing is extrepolated back to the x-axis, which 18 intersected at 
Vp**. 
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Neither method is easy to apply when the 
transition from phase II to phase III is not clear. 
The latter part of the transition is influenced by 
factors distal to the interface such as increase in 
PAco, With time. These are irrelevant to VD*” and 
must be avoided during 1ts determination. One 
solution may be to let the point of inflexion in 
phase II represent the end of Honn, 

Whichever method is used, by definition Vp?" 
represents the volume of gas already expired, plus 
that remaining between the lips and the interface 
at the moment early in expiration when the 
interface leaves the airway segments where 
diffusion is of importance. Methods involving use 
of end-tidal carbon dioxide values, as described by 
Nunn (1977a), are incorrect in concept and 
produce large errors since a number of factors not 
related to VDp*" affect the late part of expiration 
(Mundt, Schoedel and Schwarz, 1940; Bouhuys, 
1964). 

: Having determined Vp*", alveolar tidal volume 
may be estimated from: : 


Vm" -yr-Vp (4) 


Vr*" can be broken down into two components: 
VT“ = Vp + yog" (5) 


VE?" is the notional part of the tidal volume 
which, through gas exchange, equilibrates with 
arterial blood. The conventional term alveolar 
ventilation (V*") is therefore given by the product 
of VaE*'" and ventilatory frequency. 

A second addition to SBT-CO, may be made: 
the fraction of carbon dioxide of a gas in equili- 
brium with arterial blood (Faço, is represented by 
the dotted horizontal line in figure 3. The area 
below the arterial carbon dioxide line can be 
divided into three parts, X, Y and Z. The 
advantage of using fractions of carbon dioxide 
compared with partial pressures is that each area 
represents a volume of carbon dioxide, real or 
theoretical. The sum of the areas represents the 
volume of carbon dioxide that would have been 
exhaled from a lung without any form of deadspace, 
Vt x Faco,- 

Area X = tidal elimination of carbon dioxide 
(VT¢o,) with the effective part of VT, 

Area Y represents wasted ventilation as a result 
of Vp", : 

Area Z represents wasted ventilation as a result 
of Vp**. 
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These areas can be used to express various dead- 
space fractions: 





Hoen Z 
Vr X+Y4+Z (6) 
[y palv " Y 1 (7) 
Hr X-Y-«Z 
Vp" = Y (8) 
Vr“ X+Y 
and 
Vprh» Y+Z X 


Vr ECKE lee 

In clinical work, measurements are often made 
under practical constraints. Arterial blood cannot 
always be sampled and analysed. During artificial 
ventilation, gas compression and apparatus dead- 
space are not easily separated from VD*", and 
phase II may be difficult to distinguish from phase 
III. To extract information from readily obtained 
data we suggest a method closely related to Bohr's 
concept in which end-tidal Fco, (FE'co,) is related 
to Pë, Figure 5 represents how VT go, (area X) 
can be related to the volume of carbon dioxide 
hypothetically eliminated by a breath in which the 
whole effective volume has carbon dioxide fraction 
equal to FE ¿y, (area ABCDA). The ratio 


X H VTco, 
- area ABCDA VT x FE co, 


describes the efficiency of the effective volume in 
eliminating carbon dioxide. 





(10) 


A B 


Expired FCO; 


Expired volume (litre) 


Fig 5 Esummtion of efficiency. Area X, the volume of carbon 

dioxide contained in the breath is related to area ABCDA, or 

the volume of carbon dioxide that would have been eliminated 

by a theoretical ideal lung with the same effective udal volume 

and end-udal Fco,. The term is related to Bohr's original 
deadspace concept. 


In studies performed in patients under 
anaesthesia during intermittent positive pressure 
ventilation (IPPV) we call this ratio “efficiency”. 
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The factors on the right in equation (10) were 
obtained from a CO, Analyzer 930 (Siemens- 
Elema). The term (1 — efficiency) is analogous to 
a deadspace fraction caused by inhomogeneity 
of expired gas during phases II and III. 

We have stated that deadspace is not a rational 
term for variables calculated from FE'¢o,. To 
distinguish these from deadspace compartments 
derived from a unified concept (Vp*" and Vp™) we 
prefer to use the term efficiency. 


Factors affecting Honn 

Nunn (1977b) lists as factors influencing Vb*" the 
size of the subject, posture, position of neck and 
jaw, the presence of a tracheostomy or tracheal 
tube. These, together with changes in airway 
calibre related to transmural pressure (Heden- 
stierna and Lundberg, 1975), play a large part in 
determining the volume of the airway proximal to 
the interface. 

The exact location of the interface in anatomical 
terms is determined by airway geometry, 
inspiratory flow, and diffusion coefficient. Whilst 
convection drives the interface distally, diffusion 
moves it proximally. Circumstances favourable for 
diffusion, such as large surface area and increased 
time, reduce Vp"* by allowing a proximal shift of 
the interface before it becomes driven distally by 
convective expiratory movement to smaller 
surface areas. 

A high initial inspiratory flow will rapidly move 
the interface to zones where diffusion is of 
importance, so increasing time available for 
diffusion. A low late inspiratory flow and, more 
important an end-inspiratory pause (EIP) will be 
associated with reduced Hunn, Therefore 
decelerating inspiratory flow combined with EIP 
would give the smallest values for Vp*". 

The theoretical considerations of effects of 
transmural pressure and EIP are supported by the 
studies of Bartels and others (1954), Shephard 
(1956), Shephard and others (1957), Lyager 
(1970), Knelson, Howatt and DeMuth (1970), and 
Fuleihan, Wilson and Pontoppidan (1976). In 
addition, the studies of Modell and Cheney (1979) 
and Baker, Colliss and Cowie (1977) although only 
referring to VpP*"*, support our predictions of the 
effects of flow pattern on "residence time" (Modell 
and Cheney, 1979), or ““mean distribution time” 
(Nordstróm, Jonson and Olsson, in preparation) 
of inspired gas. 

For a given VDp*", the volume occupied by phase 


II depends on the spread of transit times 
(Horsfield and Cumming, 1968). If all the different 
parts of the interface arrive at the lps 
simultaneously, phase II would derive its shape 
primarily from the washout of the airway. 
Staggered arrival of the parts of the interface will 
increase the volume occupied by phase II. The 
spread of transit times for a given lung may be 
influenced by distribution of the inspired gas with 
even distribution producing least spread. The 
non-linearity of the alveolar pressure-volume 


relationships contributes to this: improved filling 


of “slow” regions leads to reduction of their 
compliance and probably resistance. Slower units 
thus reduce their time constants, and empty more 
rapidly initially. 

Since phase II volume is determined in part by 
airway washout, it should be least during 
turbulent flow such as with high expiratory flow at 
the beginning of passive expiration and greatest 
during more laminar flow (Nunn, 1977c), as for 
example during spontaneous breathing at rest. In 
the latter example, phase I is reduced 
correspondingly. This may allow some alveolar 
ventilation at very low tidal volumes (Nunn, 
1977c) when the gas volume within the conductive 
airways may not be fully washed out. The part that 
is washed out was referred to by Gray, Grodins 
and Carter (1956) as "dead air”, and approximates 
to VD”" at large tidal volumes. 

However, neither the mode of washout nor 
spread of transit times can influence VD*" itself 
since this is determined entirely by the location of 
the interface. 


Factors affecting alveolar deadspace 


Alveolar deadspace as a result of venous admixture 

EnghofPs substitution of Paco, in the Bohr 
equation (equation (2)) implies that venous 
admixture contributes an apparent deadspace, 
although Riley and others (1946) pointed out that 
its effect was usually small enough to be neglected 
since the mixed venous-arterial carbon dioxide 
difference is small. Venous admixture may 
increase at high airway pressure (Landmark et al., 
1978) probably by increasing blood flow through 
non-ventilated lung (Karanek and Shannon, 
1975). 


Alveolar dead space as a result of incomplete diffusive 
mixing i 
Incomplete mixing may be associated with 
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spread of V/Q ratios within the terminal 
respiratory units and hence contribute to 
deadspace (West, 1969). The degree of mixing 
varies axially along the unit. Because it occurs in a 
compartment in which diffusion is the principle 
mode of movement of gas molecules (Gomex, 
1965), this form of deadspace is time-dependent. 
All factors which promote diffusion within units 
reduce Vp*'* For example, Fowler (1949) showed 
that breath-holding reduced the slope of phase III 
of SBT-N,. Incomplete mixing is one. of the 
causes of the slope of phase III of SBT-CO,. 

'The presence of alveoli along several genera- 
tions of ducts from the respiratory bronchiole 
(fig. 1) suggests an additional beneficial 
mechanism associated with EIP. Although 
movement of gas from alveolus to duct is mainly 
caused by diffusion, convection plays an increasing 
role nearer the respiratory bronchiole as gas from 
peripherally located alveoli flows past. Gas from 
proximally located alveoli, required after a short 
time for diffusion into the convective midstream, 
may thus be transported by both diffusion and 
convection. Gas from more peripheral alveoli and 
ducts takes a longer time for diffusion into the zone 
of increasing convection. EIP may allow sufficient 
time for this to occur. 


Alveolar deadspace as a result of spatial, between- 
units, VQ mismatching 

Spatial  ventilation/perfusion mismatching 
arises from differences between parallel units. 
Regional variation in ventilation per unit 
perfusion produces a spectrum of V/Q ratios and 
causes alveolar deadspace. Certain causes of this 
dead space form are also time-dependent, in 
particular. when ventilation is maldistributed 
because of differences in mechanical time 
constants between lung compartments. This form 
of V/Q mismatching is reduced by factors favour- 
ing even ventilation, namely low inspiratory flow 
rates with prolonged inspiration; decelerating 
inspiratory flow; and end-inspiratory pause 
(Jansson and Jonson, 1972). It is reduced by 
increasing distribution time. 

Differences in mechanical properties are 
associated with sequential or .asynchronous 
emptying of various units. Allied to V/Q spread, 
this results in a sloping phase III of SBT-CO,, 
which is typical of “sequential” causes of alveolar 
deadspace. Area Y (fig. 3) is therefore triangular or 
wedge-shaped. 
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Fic. 6. A: SBT-—CO, recorded from a patient with carcinoid 
tumour under anaesthesia and during IPPV. f = 10 b.p.m.; 
(Faco, — FE'co,)|Faco, = VD™/ VT" = 0.52. The horizontal 
phase 111 suggests synchronous alveolar emptying where 
alveolar deadspace 1s essentially of non-sequential cause. B: 
SBT-CO, recorded under anaesthesia during IPPV. f = 21 
b.pm. (Pac), — PE co) = 0.3 kPa; VD" VIP" = 0.15. c: 
SBT-CO, recorded under anaesthesia during IPPV in the 
same patient as in tracing B f=10b.p.m3 
(Paco, - PE co)  —02kPa; Vp*"|VT'* = 0.06. Figures B 
and c illustrate the effect of reducing f and increasing VT in 
individuals with alveolar deadspace of mainly sequential cause. 


However, spatial V/Q mismatching may occur 
in the absence of large differences in mechanical 
properties. Examples are pulmonary embolism 
(fig. 64), the carcinoid syndrome (unpublished 
observations from this department), pulmonary 
ligation (Langley et al, 1975) and pulmonary 
hypotension (Prakash et al., 1978). In this form of 
BIO mismatching, which may be regarded as non- 
sequential, gas from well- and underperfused lung 
regions is expired synchronously, as a true “para- 
llel” deadspace (Folkow and Pappenheimer, 1955). 
This non-sequential form of deadspace is 
essentially independent of time since, with the 
exception of some cardiogenic mixing between 
adjacent segments, there is no temporal 
mechanism that can improve overall V/Q. Non- 
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sequential deadspace is characterized by an almost 
horizontal phase III in SBT-CO, which does not 
reach the arterial carbon dioxide value. Area Y 
(fig. 3) has therefore approximately a rectangular 
shape. — 


Temporal deadspace 

Temporal deadspace occurs within units. The 
concept was developed by Cooper (1961) and 
Lewis and Burn (1977) to explain the large values 
for Vp?*”* observed during IPPV. Whereas expira- 
tion during spontaneous breathing at rest has 
approximately a square wave form, the flow 
pattern of passive expiration is approximately 
exponential (Kavan and Haddy, 1956). This 
implies that the greater part of gas leaves the 
alveoli at high flows early in expiration and that the 
last of the gas leaves at low flows. The pattern of 
pulmonary blood flow during IPPV is the 
opposite: flow is maximum towards the end of 
expiration (Nordstróm, 1972). There is therefore 
temporal mismatching of ventilation and 
perfusion which produces ventilation—perfusion 
time-dependent alveolar deadspace. Temporal 
deadspace implies that Paco, varies during the 
respiratory cycle. The fluctuations and the 
deadspace will be greatest when FRC is small since 
the gas remaining at the end of expiration acts as a 
buffer against large changes in alveolar gas 
composition. 

Anaesthesia with controlled ventilation may 
thus favour temporal IO mismatching by its 
effects on expiratory flow pattern, cyclical 
variations in alveolar perfusion and reduction of 
FRC. 


The alveolar evolution of carbon dioxide 

A further factor affecting the shape of SBT-CO, 
recorded at the lips, is the manner in which the 
alveolar carbon dioxide concentration increases 
during expiration. 

Although it is not possible to record an alveolar 
carbon dioxide diagram, several analyses have 
been performed to relate alveolar CO, to expired 
volume. Those of Chilton and Stacey (1952) and 
DuBois, Britt and Fenn (1952) describe events 
during spontaneous ventilation. A mathematical 
model was devised for exponential expiratory flow 
seen during IPPV in which cycle times, lung 
volume, tidal volume, and time constants can be 
varied (see Appendix). Figure 7 shows two typical 
tracings obtained from the model. The lower one is 
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Fic 7. Analysis of alveolar Pco, during IPPV with exponential 
expiratory flow pattern. FRC in both cases 1s 2 5 litre. Lower 
tracing: Alveolar carbon dioxide curve from “fast” alveolus 
(nme constant 0 5 s): ume in seconds marked on tracing Most 
of the expired gas 1s exhaled in the 1st second and therefore does 
so at an almost constant Fco, As gas flow 1s reduced, Fco, 
increases steeply, but much of this gas remains in the airway 
deadspace and the increase ıs therefore not recorded at the 
mouth. The upper tracing 1s from a slow alveolus (time constant 
2.5 s), where the expiratory flow rate 15 more constant and 
therefore the increase in Fco, 1s spread more evenly over the 
tidal volume. The imual rate of increase is steeper than for fast 
alveoli, and the slope increases gradually as flow rate decreases. 
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Fic. 8 Comparison of tracings of expired carbon dioxide 
against volume (upper) and ume (middle) during controlled 
ventilation. The expiratory flow pattern 1s seen in the lower 
diagram. Tume markings are 0 25 and | s (large dots) On the 
volume plot it can be seen that, late ın expiration, expired 
volumes represent successively longer time periods On the 
time plot, informauon concerning the greater part of the 
expired volume 1s compressed The last 15% of expired gas 
occupies half the time available so that phase ITI has a shallower 
gradient than on the volume plot. 
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for an alveolus with small time constants and rapid 
emptying. The high initial expiratory flow rate 
implies that most of the gas leaves the alveolus with 
almost a constant Pco,. Later, when expired 
volumes represent longer time periods (fig. 8) the 
carbon dioxide content of the expired gas increases 
more steeply producing a “knee” in the tracing of 
carbon dioxide against expired volume. For “fast” 
alveoli, the “knee” is always placed far to the right 
and will be partly concealed within the airway 
deadspace. 

Slower lungs empty at a more even rate. Even 
from the start the slope is greater as more time is 
allowed for carbon dioxide to accumulate in the 
alveoli. The slope increases more gradually as flow 
rate decreases. Theoretically. slow alveoli should 
have less temporal deadspace than fast alveoli. If 
the alveolar carbon dioxide diagram was 
transmitted unchanged to the lips, slow alveoli 
would produce a sloping phase ITI while that from 
fast alveoli would be almost horizontal. 


The relationship between alveolar deadspace and the 
arterral-end-tidal carbon dioxide difference 
Previous investigators of alveolar deadspace have 
stressed the importance of the arterial to end-tidal 
Pco, or Fco, difference, but the relationship 
between arterial carbon dioxide and the whole of 
phase III of SBT-CO, is of interest in the analysis 

of Vp". 

In figure 3 alveolar deadspace is hok by 
the area between Faco, and phase III, area Y. This 
area may have various forms such as almost 
rectangular, or triangular (or wedge-shaped). 
Figure 6A shows an example of the former. 
According to the single breath concept put 
forward by  Comroe (1962) this implies 
synchronous emptying of lung units, regardless of 
the range of V/Q values to be found in the lung. A 
slight slope of phase III can be attributed mainly 
to the continued evolution of zarbon dioxide gas in 
the alveoli (West et al., 1957). 'The flat phase III 
also implies that there is no important mixing 
defect in lung units. However, a large number of 
alveoli are under- or non-perfused, as represented 
by the large (Faco, — phase III) difference. Since 
this difference 1s almost constant, it is adequately 
represented by the arterial-end-tidal difference, 
(Faco,-FE'co;). The term 

(Faco, — FE co,) 
Faco, 
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modified from Nunn and Hill (1960), was pointed 
out by them to represent the fraction of gas from 
non-perfused alveoli. When phase III is 
horizontal, the term is identical to Y/(X+ Y) in 
figure 3 (Vr*"]V1*!. It should not be related to 
Vp*"IVT, as was done by Nunn and Hill, because 
of the irrelevance of VD*” to alveolar ventilation. 

Another consequence of this form of deadspace 
is that (Faco, — FE'c9,) is not dependent upon tidal 
volume in a given individual. It will be shown 
elsewhere that this non-sequential form is not a 
common type of alveolar deadspace. It is time- 
independent since there is no temporal mechanism 
by which this V/Q mismatching can be improved. 
Pulmonary embolism, ligation and hypotension, 
and the carcinoid syndrome have been named as 
causes. Massive right-left shunting will also 
produce a similar effect. 


Alveolar deadspace associated with a sloping phase 
HI -> 

The second possibility for the shape of area Y is 
that created by a sloping phase III which may or : 
may not achieve a value equal to Fago, (fig. 68). 
The slope in phase III may be attributed to the 
evolution of carbon dioxide gas within the alveoli; 
sequential (asynchronous) emptying of lung 
regions with differing V/Q ratios; and defective 
alveolar mixing with associated, within units, V/O 
scatter.- 

In these forms of alveolar deadspace, increasing 
tidal volume extends the upward progress of phase 
III. For a given individual, therefore, increasing 
tidal volume causes a reduction in (Facon FE’ cop- 

'The shape of alveolar deadspace area Y here 
implies that the (Faso, PE co.) difference no longer 
represents nah, If, for example, VT is increased 
so that (Faco,—FE co.) becomes zero, there will still 
be an area Y and therefore alveolar deadspace. 
Nunn and Hill's supposition does therefore not 
apply when phase III has a slope. The probable 
reason for the opposite conclusion reached by 
them 1s that they studied the tracing of expiratory 
carbon dioxide against time. Figure 8 shows that a 
steeply sloping phase III on the volume plot can 
appear to have only a shallow slope on the time plot 
during IPPV and resembles non-sequential 
alveolar deadspace. 

Nunn and Hill (1960) believed that the scatter in 
the relationship between (Facg,—FE'c9,)/Faco, and 
Vp*"] Vr*' was a result of experimental error. The 
scatter may also be caused by, first, use of VT 
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instead of VT*" as the denominator, and second, 
between-individual variation in phase III, in par- 


ticular its slope and relationship to Fago, This 
variation can be expressed as follows: 
Vo" Fa Fco = 
= Eco “C02 
vee [7 E (Bohr, 1891) (11) 


. Where mean alveolar carbon dioxide fraction 
(FAco9,) is regarded'as the midpoint of phase 
IIl(fig. 9). In this figure: "^ 


v 


(12) 





FE co, = FAco, + slope x Sa 


where “slope” is a gradient with units AFco, 
litre! and represents a linear increase of Fco, 
against expired voluine. This is an acceptable 
approximation at least during IPPV-and permits a 
valid discussion of the principles involved. 





Expired volume 


Fic. 9. Illustration of the explanation of the scatter in the 

regression of Vp*"/ Vt" against (Fagg, — FE'gp;)/Faco,. Mean 

alveolar Fco, (FAco) 18 the midpoint of the (extrapolated) 
phase III. 


From equation (12), 
alv 


2 





Fo, = PR co, —slope x 
and substituting in equation (11): 


Vou 
Hoh ` 





_ Faco,— F Eco, t A x m 


. Ascatter of the kind Nunn and Hill observed must 
be expected to equal 


- e ‘ 


slope x (VT*""/2) 
- Faco, 


Faco, Ges 
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Further increase in Vr beyond the point where 
(Faco,-Fca,) is zero, results in a negative value 
for (Facor-FE' co), a finding we have frequently 
observed. The appearance of SBT-CO, is now 
that of figure 6c. This tracing is from the same 
patient as figure 6B, but with a larger tidal volume 
and lower frequency. There are two triangles; the 
area of the upper one may approach that of the 
lower. If the lower triangle represents ventilation 


_ in excess of that needed to achieve Facg,, the upper 


triangle may be regarded as representing 
compensatory perfusion of late emptying 
compartments in excess of that required to achieve 
Faco.- It should be remembered that the dotted 
line in figure 6 represents the spatial and temporal 
mean Faco,, and that negative (Facgo,—FE' co.) 
values need not imply carbon dioxide diffusion 
against a concentration gradient. 

The expression (Faco,—FE'co.)/ Faco, now has a 
negative value, and increasing tidal volumes 
causing increasing negativity are associated with 
reductions in Vp?" Vr*'* which tends towards zero 
as compensation improves. 


APPENDIX 


This model describes the change of PAco, with respect to time 
or expired volume. The analysis follows those of Chilton and 
Stacey (1952), and Dubois, Britt and Fenn (1952) and the 
physiological jusnficanons of the assumptions needed are well 
covered by these authors. The present analysis differs 1n that 
the rate of expiration 18 taken to be reducing exponentially 
rather than constant. 

Paco, changes because carbon dioxide is transferred from the 
blood to the alveoh throughout the respiratory cycle. The rate 
of transfer 1$ not constant since it depends on PAco, itself; as 
this increases, the rate of diffusion of carbon dioxide from the 
venous blood decreases. Further, the rate of change of PAco, 
depends on alveolar volume, so that the change of volume with 
time must also be considered. 

Let the volume of blood flowing through the alveolar 
capillaries during small time interval, ôt, be yd. The decrease 
in partial pressure 1s PU — p where PV 18 mixed venous Pco, and 
pis PAgo, at time r, diffusion to equilibnum being assumed to 
beinstantaneous. This change manifestsitself as an increase un the 
volume of carbon dioxide in the alveoli. The conversion rate is 
the physiological dissociation constant, a, and includes the 
effect of oxygen in the blood. The increase in carbon dioxide 


volume is thus: ` 
- ôC, = a(PY — p) yor 


The effect on alveolar volume of RQ, being other than 1, 1s 
negligible compared with the expiratory flow. If alveolar 
volume H changes by 8V (which will be negative for expiranon) 
then the corresponding change in volume of carbon dioxide is 

$C; = pdV/n where x 1s atmospheric pressure. The total 
change 1n carbon dioxide volume 1s therefore: 


AC = C, +C, = a(PY — p) yót +póV /n 
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Converting to partial pressures the change is: 


op = (p+dp)—p = HC +00)(V --6V) —xC/V 
= an(P¥ — p) yót/V +second order terms 


Therefore 


d 
Sé = ax(PS — p) y/V (1) 


Subsututing y and H as funcuons of time enables the 
differential equanon (1) to represent different expiratory 
patterns. 

In particular, assuming blood flow is constant and expiration 
rate 18 negatively exponential then: 


dp : " 
SC an(Pv — p) gl Hui —e SU 


and 
Pi = po (PV — po) TV ut (Me pao (2) 


where subscripts of p and V represent nme from the start of 
expiration. End-expiratory lung volume 18 (V¿—u) and the 
tidal volume is wie" Di where T is the duration of 
expiration, and u and o are volume and time constants. For 
realistic values of constants and variables equation (2) is well 
approximated by the linear form. 


B, = Po + (PV — po) nayt/Vo (3) 
Note that the expiration rate time constant, a, does not 
appear explicitly This 1s because the proportionate change in 
alveolar volume is small and the main determinant of Paco, is 
ume. However, if volume rather than ume is used as the 
independent variable, then a 1s very 1mportant. Subsututing 


for t in equations (2) or (3) gives the appropriate expression. 
From equation(3): 


Ac Do+(P¥—po)nay i(wu- Ya) ` A) 
o 


where the expired volume at ume, Hu, 18 given by 


Va = 4610719 


Paco, 13 the temporal average of p over inspiration and 


expiration and, since the variation of p 1s nearly linear with time - 


for both of these (Chilton and Stacey, 1952, Dubois, Britt and 
Fenn, 1952), then Pics, = Prp the value of p halfway through 
expiration. The volume of gas (VA) expired at this nme, is given 
by: 


Và = u(1 —e7 723 = Kall +e7 "E 


For fast alveoli (small a, say 0 5) Va/V yy is 0.88 1f T = 28, 
and for slow alveol («= 2, say) Va/V — 0.62. Since the 
last portion of alveolar gas, Vb** never passes the lips, only 
lungs with larger time constants ventilated with large udal 
volumes should theorencally be able to exhibit a positive 
difference between PE'co, and Pico, that 15 caused only by a 
change of Paco, with ume 


D 
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LE CONCEPT DE L'ESPACE MORT AERIEN EN SE 

REFERANT TOUT PARTICULIEREMENT AU TEST 

DE LA RESPIRATION UNIQUE POUR LA MESURE 
DU GAZ CARBONIQUE 


RESUME 


Nous présentons une revue et une analyse théorique des 
facteurs déterminant l'espace mort des voies respiratoires 
(VDp*") et l'espace mort alvéolure (Loch, qui sont les deux 
constituants de l'espace mort physiologique (Vp??*) Vp" est 
le volume de gaz se trouvant entre les lèvres et l'interface du gaz 
alvéolaire/gaz frais, dont l'emplacement est déterminé par le 
modéle du debit inspiratoire et par la géométre des voies 
respiratoires. Vp^'" peut être causé par un mélange incomplet 
du gaz alvéolaire et par une mésalliance associée de V/O à 
l'intérieur des voies respiratoires terminales, par une mésalli- 
ance temporale de V/Q à l'intérieur de ces voies, par une 
mésalliance spatiale de W/O entre ces voies et par un mélange 
veineux. La plupart des causes de Vp’? sont influencees par le 
modèle du débit inspiratoure et par le temps disponible pour la 
diffusion et la répartinon du gaz. L'analyse peut étre faite à 
partir du test de la respiration unique (SB T) pour la mesure 
du gaz carbonique (SBT-CO,) qui est le tracé graphique de la 


fraction de gaz carbonique des gaz expirés par rapport au 


volume expiré. Les causes courantes de Vp" sont associées à 
une phase III inclinée de SBT-CO,. La combinaison de SBT- 
CO, et dela Paco, donne Vp" er Vp™™. Une phase II inclinée 
avec un gradient artériel—fin de volume courant de Poo, 
implique une compensation par perfusion assurant un vidage 
anticipé et des alvéoles surventilées 


DAS TOTRAUM-KONZEPT MIT SPEZIELLEM 
BEZUG AUF DEN EINZELATEMZUGSTEST FÜR 
KOHLENDIOXYD 


ZUSAMMENFASSUNG 


Wir in einen Überblick und eine theoretische Analyse der 
Faktoren vor, die den Luftweg-Totraum (Vb'") und den 
Alveolar-Totraum (VD*™) bestimmen, die beiden Bestandteile 
des physiologischen Totraums (Vp?"*), Vp*" ist das Gas- 
volumen zwischen den Lippen und der aivcolar/Frischgas- 
Grenzfláche, dessen Lage durch den Eínatmungsstrom und die 
Luftwegegeometrie bestimmt wird. Vp" kann durch 
unvollstündige alveolare Gasmischung und damit verbundenes 
P[Q-Missverháltnis innerhalb der respiratorischen. Endein- 
heiten verursacht werden, oder durch raumliches V/Q-Miss- 
verhültms zwischen den  Binheiten und der venosen 
Beimischung. Die meisten Ursachen fur Vp" werden durch 
den Emarmungsfluss und die Zeit beeinflusst, die fur Gas- 
diffusion und Verteilung vorhanden ist. Bine Analyse kann 
mittels des Einzelatemzugstests für Kohlendioxyd gemacht 
werden (SBT-CO A. der die Berechnung des Kohlendioxyd- 
Bruchteils im ausgeatmeten Gas gegenüber dem Ausatmungs- 
volumen darstellt. Die gemeinsamen Grunde für Vp" stehen 
mut einer abfallenden Phase 111 von SBT-CO, in Zusammen- 
hang. Dic Kombination von SBT-CO , mit Pago, ergibt Vp™” 


H 
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und VpD*”. Eine abfallende Phase III mit einem negativen 
arteriellem Endatemvolumensgefalle Pco, bedeutet eine 
Kompensierung fur sich fruh entleerende, ubervennlierte 
Alveolen durch Durchschwemmung. 


EL CONCEPTO DE ESPACIO MUERTO, CON 
REFERENCIA ESPECIAL A LA PRUEBA DE 
RESPIRACION UNICA PARA DIOXIDO DE 

CARBONO 


SUMARIO 


Presentamos una revisión y un análisisteórico que determinan 
el espacio muerto del conducto de aire, (Vp?*), y el espacio 
muerto alveolar (VDp*'), que son los dos constituyentes del 
espacio muerto fisiológico (Vpf^) VD*” es el volumen de gas 
comprendido entre los labios y la interconexión entre los 
alveolos y el gas sin usar, el emplazamiento de la cual se 
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determina por medio de modelos del flujo aspiratorio y de la 
geometría del conducto de aire. Vp“ puede tener lugar a causa 
de una imcomp:eta mezcla de gas alveolar y de la mal adaptación 
de V/Q asociaca dentro de las unidades respiratorias termin- 
ales, por la mel adaptación de V/Q temporal dentro de las 
unidades, por la mal adaptación espacial de V/Ó entre las 
unidades y por la adversa mezcla venosa. La mayoria de las 
causas de Vp" vienen influenciadas por el modelo de flujo 
aspiratorio y por el nempo disponsible para la difusión y 
distribución de gas. Pueden efectuarse análisis partiendo de la 
prueba de respiración única relauva al dióxido de carbono 
(SBT-CO,) la cual es la representación de la fracción de 
dióxido de carbono presente en-el gas espirado, en oposición al 
volumen de aspiración. Las causas comunes de Vb^^ vienen 
asociadas con una fase III de SBT-CO, descendiente. La 
combinación de SBT-CO, con Paco, produce Vp'* y Vp*'" 


: Una fase III descendiente con un gradiente negativo en el 


extremo arterial significa compensación por perfusión para el 
vaciado temprano del alveolo sobreventilado 


Br. f. Anaesth. (1981), 53, 89 


INTRAVASCULAR MIXED VENOUS!OXYGEN TENSION 
MONITORING ! 


An analysts of electrode performance in 100 patients 


R. F. ARMSTRONG, J. MoxHAM, S. L. COHEN AND C. J. VALLIS 


SUMMARY 


A lengthened umbilical artery catheter incorporating an oxygen electrode (Searle) was flow-guided to the 
pulmonary artery in 48 out of 62 attempts (77.4%). In the last 70 catheters used, electrode performance 
was evaluated over a total of 3687 h by comparison with an ABL2 (Radiometer) blood-gas analyser; 654 
comparisons were made, of which 255 resulted in recalibration of the electrode output. When sampling 
intervals were within 6 h, 1n more than 80% of the comparisons the difference between in vivo and in vitro 
measurement was within +0.4 kPa (+3 mm Hg). Twenty-four electrodes were-removed sooner than 
clinically indicated (mean useful life 48.5 h) because of failure of oxygen or pressure measurements. 


The measurement of mixed venous oxygen (CV,) 
has been described by several workers as an index 
of body oxygen supply, useful in the management 
of cardiorespiratory disorders. This is based on the 
relationship expressed by the re-arranged Fick 
equation: i 
Cv, 


] oxygen consumption 
= arterial O, content GOES EAE 


cardiac output 


From this equation it can be seen that alteration of 
mixed venous oxygen content will follow any 
imbalance between oxygen supply and demand. 

In this paper we have analysed the results of a 
technique used to monitor mixed venous oxygen 
tension (Pv,) continuously with flow-guided 
catheter oxygen electrodes (probes) inserted 
percutaneously. 


APPARATUS 


The oxygen sensor (Parker, Key and Davies, 1971) 
was a small Clark-type polarographic cell made of 
a silver anode and cathode separated by dried 
potassium chloride electrolyte (fig. 1). This cell 
was mounted at the end of a 5-F double-lumen 
p.v.c. catheter and the tip dip-coated in poly- 
styrene. Wires from the electrode traversed one 
lumen of the catheter, the other being used for 
sampling or pressure monitoring (fig. 2). Once 
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Fie. 1. The catheter-np Po, transducer. (Redrawn after 
Soutter, Conway and Parker, 1975.) 


inserted into the blood-stream, liquefaction of the 
dried electrolyte takes place. A small polarizing 
voltage was applied to the cell (750 mV) and a 
current was produced proportional to the oxygen 
tension of the blood. The response time was 95% 
in 60 s. The current was amplified and displayed 
on a meter and chart recorder. To prevent mains 
leakage current reaching the patient, the display 
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Frio. 2. The catheter with Medicut container for comparison. 


meter was powered by batteries and SE 
isolated from the chart recorder. 
The diameter of the probe (5-F) and its Gem 


(1m) allowed percutaneous insertion into the’ 


venous system via a 12-gauge cannula from ante- 
cubital or periclavicular sites. Although the ca- 
theter had no distal balloon, its lightness and 


i flexibility allowed it to be drawn centrally by the . 


venous blood flow. Its position was verified’ by 
recording pressure wave forms via the sampling 
lumen and in this wa placement in the heart was 
achieved without recourse to X-ray screening.. 


For use during insertion we have designed a 


small collar which can be slipped into the hub of a 
Medicut cannula. The catheter passed through 
this collar smoothly and in this way peri-catheter 


blood loss or air entry, during insertion was pre- 


vented (fig. 3). 

After placement of the probe a die x-ray ‘was 
performed to verify position and exclude 
pneumothorax. Subsequently, samples of blood 
were withdrawn from the sampling lumen: of the 


probe and oxygen tension measured by blood-gas ` 





Fig 3. Close-up of catheter collar. ' 
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analysis. Once a stable output was obtained the 


meter display and chart recorder could be cali- 
brated. We have found it useful to record heart rate 
continuously as any significant change in PYo, is 
baden associated with a change i in heart rate. 


' PATIENTS MEETS 


Patients in the Intensive Care Unit at University | 
College Hospital were studied. Initially ail 
patients had acute. pulmonary insufficiency. 
Subsequently, the indications were extended to 


^. include high-risk surgical and medical cases (in- 


cluding myccardial infarction). Ethical committec 
approval, informed consent from patients or rela- * 
tives and ‘agreement from the consultant in charge 
were obtained. Two volunteers, (R. F. A. and. . 
J. M.) were catheterized also. 

- RESULTS. 
Catheter EE? 

There were 62 ‘attempts at rte artery 
placement, of which 48 were successful (77.4%). 
Where pulmonary artery placement failed or was 
judged potentially dangerous right atrial position- 
ing was chosen (38 patients). Insertion was ac- 
hieved easily and without discomfort. There were 
occasional extrasystoles during passage through 
the ventricle and there was one case of supra- 
ventricular tachycardia which reverted to sinus 
rhythm on removal of the catheter. One catheter_ 
developed a redundant loop in the ventricle and 
became knotted, but withdrawal was accomplish- 
ed without difficulty. Three patients developed `" 
signs of mild skin’ infection at the antecubital site of 
insertion. : 


Activation 

Once i in the ETT activation of the polar- 
ographic cell: began. The time taken to develop a - 
stable output differed between electrodes (fig. zh 





LA 190. 4 5 6 7 8. 
i Time (b) 


Fic. 4. "Timc-course of activation of 20 in vivo catheters. 
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For the purpose of calibration we did not consider 
the probes to have reached a stable output until 
approximately 4 h after insertion. Where quicker 
function is required pre-activation can be achieved 
by injection of sterile saline into the packet or by 

_immersion of the electrode in a sterile saline-filled 
container. 


Accuracy 

The study was divided into a pilot group of 30 
catheters and a main group of 70. During the pilot 
study there was a steady improvement in catheter 
management as evaluation of the results identified 
operator errors. For this reason only the 70 
catheters used in the main study were used to 
assess accuracy. These were used for a total of 
3687.8 h. During this time 654 paired observ- 
ations were made of catheter (probe) reading v. in 
vitro analysis by an ABL2 blood-gas analyser 
using samples taken from the sampling lumen. 
Quality checks of our ABL2 are made at weekly 
intervals in accordance with the manufacturer’s 
recommendations. 

Table I summarizes the paired observations ina 
correlation table and gives the frequency distri- 
butions of observations from each source. The 
diagonal line indicates agreement between the two 
readings and the scatter reflects the measurement 
error. 

Table II shows the 654 observations grouped 
according to the interval from the preceding 
observation, up to 2 h, 2-3.9 h, 4-5.9 h, 6-11.9 h 
and 12h or more. The distribution of the dif- 
ferences in Pv,, (electrode minus analyser) has 
been derived for each of the above five sampling 
intervals and overall. For each group the mean 
difference, the standard deviation (SD) and the 
standard error of the mean (SEM) are quoted, with 
the significance of the difference of the mean from 
zero. 

These results demonstrate that if sampling 
intervals are kept shorter than 6 h then more than 
80% of the differences should fall within the range 
+0.4 kPa (+3 mm Hg). Because there is an in- 
crease in mean difference with increase in samp- 
ling intervals, this suggests a positive drift on the 
part of the probe, although of such magnitude to 
be of no great consequence. 


Probe function 
Of the 70 probes used in the main study 35 were 
removed earlier than indicated. The reasons for 
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removal are summarized in table III. Seven probes 
were damaged by excessive traction during nurs- 
ing manoeuvres such as lifting. Three probes were 
removed because of minor skin infection at the 
entry site. One probe was calibrated incorrectly 
and generally mishandled and this was classified as 
user error. Of the removals because of failure of 
probe function as opposed to operator error, one 
gave no satisfactory pressure trace, three failed to 
activate and three developed sampling lumen 
blockage, making calibration impossible. Finally, 
eight catheters developed marked swing or drift in 
electrical output and a further 10 eventually de- 
veloped total loss of output. 

The overall mean useful life of the “faled” 
catheters was 48.5 h. 


DISCUSSION 
The pulmonary artery is recognized traditionally 
as the only source of true mixed venous blood, 
although attention bas been drawn (Suter et al., 
1975) to the inaccuracy in Co, measurement 
which can result from sampling too quickly or 
from too distal a position. In this series the success 
rate in flow-guiding the catheters to the pulmonary 
artery (77.4%) compares unfavourably with Swan 
and others (1970), perhaps reflecting the loss of 
traction produced by the absence of a balloon at 
the catheter tip. However, where pulmonary 
artery placement was not possible we accepted a 
mid right-atrial position in view of the close 
correlation (Scheinman, Brown and Rapaport, 
1969; Lee et al., 1972) described between samples 
from this site and the pulmonary artery and from 
our own observations of the similarity of record- 
ings obtained simultaneously from the two sites. 


Accuracy 

In order to evaluate the performance of the 
probes, their duration of useful life was de- 
termined retrospectively from the sequence of 
routine paired observations. This period extended 
from the moment the probes had developed a 
stable output up to the time that the life of the 
probe was completed by withdrawal, damage, loss 
of output or the onset of erratic output (swing or 
drift). For 70 probes a total of 3687.8 h of monitor- 
ing has been studied during which time 654 
samples were taken for blood-gas analysis. 

Comparison of these paired observations is 
shown in the correlation table (tablel). The scatter 
reflects measurement error which may be present 
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Tague II. Difference (mm Hg) between monitor and analyser fa äi results during routine monitoring (monitor minus analyser). 
Distribution by interval from previous observation and related to frequency of recahbranon 





Interval from previous paired observation, t (i Overall 
No. of 
Difference resulung 
(mm Hg) <2 2<1<4 4<1<6 6<1<12 1>12 Total recalibrations 
—]13 1 1 1 
—12 1 1 1 
— UI 1 1 1 
—10 1 1 1 
-9 1 1 
—8 1 2 1 2 6 5 
-7 2 2 2 
—6 1 1 H A 1 8 6 
—5 2 1 2 4 3 12 10 
—4 4 8 6 3 2 23 18 
-3 6 9 9 5 2 31 20 
—2 15 12 17 8 5 57 28 
-1 18 20 22 13 6 79 8 
0 25 40 26 19 15 125 1 
1 15 27 30 11 6 89 8 
2 12 22 16 16 5 71 30 
3 6 14 15 13 6 54 40 
4 8 6 3 14 7 38 29 
5 5 5 3 7 3 23 18 
6 2 5 3 3 13 12 
7 1 1 l 
8 3 1 1 5 3 
9 1 1 1 
10 1 2 2 5 5 
11 3 2 2 
12 
13 1 1 1 
14 
15 1 1 1 
16 1 1 
17 1 1 2 2 
Total (n) 120 177 160 127 70 654 255 
Mean +0.17 +0.27 +0.36 +1.04 +1.33 +0.54 
SD 2.57 3.00 2.87 3.99 4.68 3.34 
SEM 0.23 0.23 0.23 0.35 0.56 0.13 
Significance n.s 2.8. D.S. P=0.004 P=0.020 P = 0.00005 
(mean. v. zero) 
Percent within 80.8 81.4 84.4 66.9 64.3 77.4 
range —3 
to +3 


in both probe and ABL (Selman and Tait, 1976) 
and which may be influenced by sampling 
frequency and technique (Suter et al., 1975), time 
of transportation of sample (Scott, Horton and 
Mapleson, 1971), ın vivo and in vitro temperature 
differences (Adams, Morgan Hughes and Sykes, 
1967) and failure to allow for the response time of 
the probe (Wilkinson, Phibbs and Gregory, 1979). 
Our results can be compared with those of two 


other groups who have used this im vivo oxygen 
electrode for continuous arterial Po, measurement 
in neonates (Conway et al., 1976; Wilkinson, 
Phibbs and Gregory, 1979). These investigations 
describe correlation coefficients of 0.97 and 0.948 
respectively between in vivo and in vitro measure- 
ments. Examination of the diagrams in these 
studies showing the distribution of simultaneous 
measurements by probe and blood-gas analysis 
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TABLE III. Reasons for probe removal, and probe boer 


Mean useful 
Reason for probe removal No. life (h) 
No longer required 
Patient recovered 23 82.65 
Patent died 13 32.65 
Total 36 64.63 
Clinical use related 
Accident 7 53.31 
Infection 3 25.43 
Mistake 1 0 
Total » 11 40.86 
Performance related 
No pressure trace 1 0 
Failure to activate 3 0 
Swing or drift 8 45.6 ^ 
Loss of output 10 37.49 
Lumen blockage 3 93.1 
Total 24. 48.5 
Overall 71 52 


shows that 95% of in vivo readings fall ap- 
proximately within +2.4 kPa (+18 mm Hg) of a 
given in vitro result. Where attention is paid to the 
response time of the probe, this has been reduced 
to +1.5 kPa( : 11.5 mm Hg). For our application 
of the probe, 9596 in vivo readings fall within 
+0.67 kPa (+5 mm Hg) of the in vitro Pv, result, 
perhaps reflecting the greater stability of venous as 
opposed to arterial oxygenation. 


Probe hfe 

The mean useful life of the probes used in this 
series was 52h. Excluding operator error (ac- 
cidental traction and infection) there were 25 
probes which failed after a mean useful life of 
48.5 h. Three of these failed to activate. This was 
probably because of membrane adherence to the 
electrode tips as a consequence of a now 
abandoned om vitro test procedure carried out by 
the manufacturer before release. Eight developed 
erratic output having functioned satisfactorily for 
a mean time of 45.6 h. Two of these were found to 
have loose wiring when examined after removal. A 
further 10 probes developed sudden and complete 
loss of output, thought to be a result of clotting on 
the electrode tip after a mean useful life of 37.5 h. 
Overall, 29.5% of our probes developed technical 
(as opposed to management) problems. This can 
be compared with the experience of Pollitzer and 
others (1980) who describe a frequency of catheter 
failure of 33.6% in 268 probes used in neonatal 
monitoring. A probe life-curve plotting the per- 
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centage of probes performing satisfactorily after a 
given time in situ indicates a 50% (416%) prob- 
ability of a probe performing satisfactorily for 5 
days. At 2 and 3 days the probabilities are 78% 
(+11%) and 62% (+14%) respectively. 
Improvements in manufacturing techniques and 
managemert of the probe may improve these 
figures, which cover a 3-yr period of analysis. 


Value of Pv,, monitoring 

The significance of mixed venous oxygen 
measurements has yet to be defined exactly. 
Several workers (Boyd et al., 1959; Goldman et al., 
1968; Stanley and Isern- Amaral 1974; Krauss et 
al, 1975) have demonstrated its value in the 
prediction and early recognition of deteriorating 
cardiac function and systemic perfusion, although 
without showing a linear correlation with cardiac 
output (Parr, Blackstone and Kirklin, 1975). 
Comparison with venous lactate measurement 
(Kasnitz et al, 1976; Simmons et al, 1978) 
suggests that a low Pv,, may be a useful index of 
poor tissue oxygen supply and there is evidence 
that tissue Po; measured by indwelling electrodes 
correlates well with Pv, (Hiller and Bone, 1978). 
However, the theoretical value of Pv,, as a simple 
expression of the balance between oxygen supply 
and demand is not straightforward. Experimental 
work with anaesthetized and paralysed dogs (Cain, 
1977) shows that the onset of deterioration in 
oxygen uptake occurs at widely different values of 
mixed venous oxygen tension during anaemic and 
hypoxic hypoxia. Calculated total oxygen delivery, 
however, was very similar in both groups as 
oxygen uptake failed, suggesting that volume 
delivery rates may be more important than de- 
livery Po, and that, during anaemia, tissue hypo- 
xia could occur at normal mixed venous oxygen 
tensions. 

Shifts in the oxyhaemoglobin dissociation curve 
may also serve to obscure the meaning of PYV, 
changes, as does functional shunting of blood by 
overperfusion of areas with low oxygen uptake. 
Nevertheless, with the exception of two cases of 
septicaemia our experience is that Pv,, correlates 
well with the clinical condition of the patient 
(Moxham and Armstrong, 1981) and provides a 
continuous and valuable measure of oxygenation 
as influenced by pulmonary and cardiac function 
as well as oxygen uptake. In particular, the method 
allows identification of a group of patients espe- 
cially sensitive to physical movement or arterial 
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hypoxaemia. In these patients major and sustained 
decreases in PV, , (Armstrong etal., 1978) suggest a 
failure of normal compensatóry response which 


may pass unnoticed during standard intermittent , 


, monitoring techniques. With clarification of the 


factors affecting Pv,. and improvements in probe. 


performance, methods of this sort should prove to 
be a useful adjunct to current monitoring tech- 
niques, perhaps in combination with pulmonary 
: artery catheters of the Swan-Ganz type. 
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CONTROLE DE LA TENSION MIXTE DE 
 L'OXYGENE DONNEE INTRAVASCULAIRE 


Analyse de performances des électrodes sur 100 panenis 


RESUME 


Un catéther pour artére ombilicale rallongé et comportant une 
électrode d’oxygéne (Searle) a été introduit dans le sens du 
débit sanguin de l'artére pulmonaire dans 48 essais sur 62 
(77,4%). Dans les 70 derniers catéthers unlisés, on a évalué les 
performances de l'électrode sur un total de 3686 h, par 
sang-gaz ABL2 
(Radiometer); 654 comparasons ont été faites, dont 255 ont eu 
pour résultat de faire procéder à un ré-etalonnage du débit de 
Péléctrode. Lorsque les intervalles d'echanullonnage se 
situgient à l'intérieur d'une pérorde de 6 h, et dans plus de 80% 
des comparaisons, la différence entre les mesures prises in vivo 
et in vitro se sont situées dans les hmutes de +0,4 kPa 
(+3 mm Hg) Vingt-quartre électrodes ont été reurées plus tót 
que cliniquement indiqué (vie utile moyenne 48,5 h), en raison 
des erreurs de mesure de l'oxygéne ou de pression. 


96 


INTRAVASKULARE GEMISCHT-VENOSE 
SAUERSTOFFSPANNUNGSKONTROLLE 
Fine Analyse der Elektrodenletstung ber 100 Patienten 


ZUSAMMENFASSUNG 


Eine verlangerter Nabelschnurarterien-Katheter mut "oner 
Sauerstoffelektrode (Searle) konnte in 48 von 62 Versuchen 
(77,4%) 1m Blutstrom zur Lungena-terie gebracht werden. In 
den letzten 70 verwendeten Kathetern wurde die Leistung der 
Elektroden über insgesamt 3686 Stunden beurteilt—im Ver- 
gleich zu einem Blutgas-Analyseapparat ABI 2 (Radiometer); 
654 Vergleiche wurden angestellt, von denen 255 zu einer 
Neueichung des Elektrodenausganges fuhrten. Wenn die 
Probenintervalle sich 1nnerhalb von 6 Stunden bewegten, war 
bei mehr als 80% der Vergleiche der Unterschied zwischen 
Messungen ın vwo und im vitro innerhalb von +0,4 kPa 
(43 mm Hg). Vierundzwanzig Elektroden wurden fruher als 
klinisch angezeigt entfernt (muttlere nutzliche Lebensdauer 
48,5 Stunden), weil es zu einem Versagen der Sauerstoff- oder 
Druckmessungen kam. 
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VIGILANCIA DE LA TENSIÓN DEL OXÍGENO 
MEZCLADO, VENOSO E INTRAVASCULAR 


Un análisis del funcionamiento de electrodo en 100 pacientes 


SUMARIO 


Un catéter umbilical y alargado para uso en arterias, que 
incorporaba un electrodo de oxígeno (Searle) se guió por 
flotación hasta la arteria pulmonar en 48 de los 62 intentos 
efectuados (77,4%). En los 70 últimos catéter usados se evaluó 
el funcionamiento del electrodo durante más de 3686 h, en 


«comparación. con un: analizador de gas sanguíneo ABL2 


(Radiometer); se efectuaron 654 comparaciones de las que 255 
necesitaron la recalibración de la salida del electrodo En mas 
del 80% de las comparaciones efectuadas, la diferencia entre las 
mediciones ;n vivo e im vitro presentó una tolerancia de 
+0,4 kPa (+3 mm Hg), cuando los intervalos de muestreo 
eran iguales o inferiores at 6 h. Se extrajeron 24 electrodos antes 
de lo clínicamente prescrito (vida media ol 48,5 h) a causa del 
fallo del oxigeno o de las mediciones de presión. 
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A STUDY OF INTRACUFF PRESSURE MEASUREMENTS, TRENDS 
AND BEHAVIOUR IN PATIENTS DURING PROLONGED PERIODS OF 
TRACHEAL INTUBATION 


L. JACOBSON AND R. GREENBAUM 


SUMMARY 


Intracuff pressure (c.p.) was measured continuously in 12 patients during prolonged periods of tracheal 
intubation. High résidual volumeow pressure (floppy) and low residual volume-high pressure 
(conventional) cuffs were studied. The mean baseline c.p. at minumal occluding pressure was significantly 
smaller in floppy cuffs than in conventional cuffs. With coughing, the peak pressures in both cuff types 
were much greater than the baseline pressures but did not differ significantly from each other. On the basis 
of our observations, we recommend a simplification of the test methods for cuffs and tube collapse. We 
believe universal testing to 300 mm Hg (40 kPa) to be reasonable and to incorporate a realistic safety 
factor Intracuff pressure tends to diminish with time, but there 1s a poor correlation between the rate of 
pressure decrease and elapsed time. As this decrease 1s not accurately predictable, gas should be added to 
the cuff as required, rather than at regular intervals. Other features of cuff behaviour are discussed and 
suggestions made to explain some anomalies occasionally observed in the cuff pressure behaviour pattern. 


The value of endotracheal and tracheostomy tube. 


cuffs in reducing the risk of erratic ventilation of 


the lungs and of aspiration has been appreciated , 


since the poliomyelitis epidemic in Copenhagen in 
1952 (Lassen, 1953; Ibsen, 1954; Safar et al., 1962; 
Carroll, Heddon and Safar, 1969). However, cuffs 
may cause complications (Cooper and Grillo, 
1972). Investigators, designers and manufacturers 
issued a joint statement recommending perform- 
ance specifications for cuffed endotracheal and 
tracheostomy tubes (Carroll et al., 1973; Carroll, 
McGinnis and Grenvik, 1974), aiming for a pro- 
duct design which minimizes the possibility of 
misuse and provides for continued safe function. 
In an attempt to attain the requirements, the 
British Standards Institute and the International 
Organization for Standardization have been work- 
ing to develop a standard for tracheal tubes and 
cuffs for prolonged use. Such a standard would 
incorporate methods of test for cuffs and tube 


collapse in an attempt to minimize the possibility- 


of failure in clinical use. 

The studies reported in this paper were under- 
taken to determine c.p. generated during pro- 
longed tracheal intubation. Information on this 
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subject has been sparse and difficulties have arisen 
in determining a test pressure which incorporates a 
realistically agreed safety factor. 


METHODS 


Commercially available tracheal and tracheostomy 
tubes (Portex) were studied. Intracuff pressures 
were measured in patients in an intensive therapy 
unit (ITU) over a¡variable period depending on 
the duration of intubation. Both high residual 
volume-low pressure (floppy) and low residual 
volume-high pressure (conventional) cuffs were 
assessed. 

The apparatus consisted of a four-way stopcock 
attached to a fluid filled tube and connected to a 
SEM 4-88 strain gauge physiological pressure 
transducer, which was plugged into a SE-4000 
multi-channel amplifier system. The pressures 
were recorded on a two-channel felt-tip pen 
recorder. 

The stopcock was connected to the pilot tube of 
the cuff system. The expired gas mixture was used 
to inflate the cuff to the minimum occluding 
pressure (m.o.p.) as determined by the absence of 
breath sounds over the neck and at the mouth on 
auscultation with a stethoscope. 

- The transducer trolley was kept at the level of 
the manubrio-sternal junction. Intracuff pressure 
was measured continuously and recorded. All 
patients had relatively constant body temperatures 
in the normothermic range. 
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Sedative drugs were used in preference to 
neuromuscular blocking drugs to facilitate inter- 
mittent positive pressure ventilation of the lungs. 


RESULTS 
Mean baseline c.p. in conventional cuffs was 
61 mm Hg (table I). This was significantly greater 
than in the floppy cuff tubes in which the mean 
pressure was 24 mm Hg (table II) (P «0.01). 


TABLE I. Low residual volume, high pressure cuffs. Baseline 
pressures and peak intracuff pressures 


Baseline Peak 

pressure pressure 
Patent (mm Hg) (mm Hg) Difference 
1 110 168 +58 
2 50 105 +55 
3 30 60 +30 
4 75 170 +95 
5 50 100 +50 
6 50 170 + 120 
x 61 129 68 
SD 26 43 - 30 
SEM 10 18 12 


TABLE II. High residual volume low pressure cuffs Baseline 
pressures and peak intracuff pressures 


Baseline Peak 

pressure pressure 
Panent (mm Hg) (mm Hg) Difference 
1 23 133 +110 
2 45 120 +75 
3 15 115 +100 
A 34 80 +46 
5 15 56 +41 
6 13 155 + 142 
x 24 110 +86 
SD ^ 12 33 36 
SEM 5 13 15 


The mean peak c.p. observed in conventional 
and floppy cuffs were 129 mm Hg and 110 mm Hg 
respectively (tables I and II). Both were signifi- 
cantly greater than the baseline pressures 
(P«0.01). There was no significant difference 
between the peak pressures in the cuffs (P 7 0.1) or 
between the differences between baseline and peak 
pressures for floppy and conventional cuffs 
(P >0.1) (fig. 1). 

C.p. decreased with time. However there was no 
significant correlation between the cuff pressure 
decrease and time. Tables 111 and IV show that 
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Intracuff pressure (mm Hg) 





Baseline 1c p Peak icp 
(mmHg) (mmHg) 
Fic. 1. Comparison of the increase in c.p. with coughing. Bars 
represent SEM. 


TABLE III. Low residual volume, high pressure cuffs. Decay of c.p. 
with time. r = —0.737 


Initial "Terminal 
c.p. cp. Time 

Patent (mm Hg) (mm Hg) Difference (hb) 

1 110 60 —50 17 

2 95 75 —20 6 

3 30 20 — 10 10 

4 65 25 —40 30 

5 30 20 —10 6 

x —26 


TABLE IV. High residual volume, low pressure cuffs. Decay of c.p. 
with tme. r = —0.65 


Initial Terminal 
c.p. c.p. Time 
Patent (mm Hg) (mm Hg) Difference (à) 
la 23 15 —8 6 
lb 20 5 —15 12 
2 20 5 —15 9 
3 34 20 —14 6 
4a 15 5 —10 10 
4b 45 28 —17 10 
5 20 20 0 6 
6 16 10 —6 6 
x —10.56 





INTRACUFF PRESSURE:DURING TRACHEAL INTUBATION 


r= —0.73 for conventional cuffs (P>0.1) and 
~ 0.65 for floppy cuffs (P>0.05) respectively. -~ 


DISCUSSION 


The study demonstrates significant transient in- 
creases in c.p. with coughing. Other manoeuvres, 
such as neck flexion, extension and rotation, have 
little effect. Peak pressures of 170 mm Hg and 
155 mm Hg have been observed in conventional 
and floppy cuffs respectively. 

A recommended test for cuffs and tubes involves 
the measurement of baseline m.o.p. with the tube 
in an artificial trachea. An inflation pressure of 
between 100 and 300 mm Hg is used, depending 
on m.o.p., and cuff asymmetry, herniation and 
tube collapse sought. However, we found no 
constant relationship between baseline c.p. and 
peak c.p. There was no significant difference 
between peak c.p. of conventional and floppy cuffs 


despite the marked disparity in their baseline ` 


pressures. On occasions, the peak c.p. exceeded 
that which would be anticipated for the baseline 
pressures observed, according to the approved test 
tables. This could result in tubes being tested at 
inflation pressures less than those which may be 
encountered clinically. We suggest the use of a 
standard inflation pressure test, irrespective of the 
cuff type. Universal testing to a pressure of 
300 mm Hg should suffice. 

We believe that this will include conditions 


- likely to be encountered in clinical practice, pro-' 


vided certain elementary clinical rules are ob- 
served when selecting and managing cuffed tubes 
(Cooper and Grillo, 1972; Carroll, 1973; Carroll, 
McGinnis and Grenvik, 1974). 

Intracuff pressures tend to decrease with time, 
. probably as a result of a combination of slow 
movement (““creeping””) of the plastic cuff material 
and diffusion of gases. By movement, the cuffs may 
stretch and increase their volume, thereby de- 
creasing the pressure (McGinnis et al., 1971; Hill, 
1976). Nevertheless there is no predictable rate of 
pressure decrease (P 70.05). The clinical impli- 
cation is that, should c.p. decrease to less than 
15-25 mm Hg, aspiration past the cuff would be a 
hazard (Carroll, 1973; Bernhard et al., 1979). A 
significant cuff leak in a patient receiving intermit- 
tent positive pressure ventilation may cause in- 
adequate ventilation (Carroll, Heddon and Safar, 
1969). 
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Cross (1973) and Crawley and Cross (1975) 
studied the relationships applicable to various 
inflatable cuff systems in vivo, and demonstrated 
the importance of cuff diameter and the stiffness of 
cuff material in the ultimate determination of both 
c.p. and tracheal wall pressure. They studied the 
applied physiology and physics of conventional 
and floppy cuff systems and their relationship to 
airway pressure. Our unpublished findings en- 
dorse their work. It is of interest to note that 
the mean baseline c.p. in conventional cuffs 
(61 mm Hg) was much greater than in the floppy 
type (24 mm Hg). 

We have occasionally recorded c.p. values, in 
conventional cuffs, in the range associated with the 
low pressure variety. Several factors probably 
occur simultaneously. The moist warm environ- 

, ment in the trachea alters the consistency of the 
cuff material and promotes movement of the 
plastic. Répeated episodes of increased c.p. com- 
press the cuff material and contribute to the move- 
ment phenomenon observed in plastic materials. 
The effect may resemble that encountered by pre- 
stretching cuffs (Geffin and Pontoppidan, 1969). If 
an appropriately sized conventional cuffed tube is 
inserted, c.p. in the range seen in floppy cuffed 
tubes may be recorded, especially after a period of 
nme. ` » 

Occasionally c.p. in floppy cuffs was greater than 
expected. This may be related to the formation of 
longitudinal folds along the length of the cuff 
because its circumference is greater than that of 
the trachea. Leakage may occur along these folds 
even when c.p. is equal to the inflation pressure. 
Thus the cuff may have to be inflated to the extent 
where the tracheal wall pressure exceeds the 
capillary pressure (Cross, 1973; Crawley and 
Cross, 1975). Also, the resting size of the cuff 
concerned may be too small for the trachea, 
requiring it to be over-expanded in the trachea in 
order to create a seal. Such a cuff has a low pressure 
only at a volume insufficient to form a seal and 

j becomes a rigid high pressure cuff as it distends to 
the sealing volume. 

'The significant transient increases in c.p. that 
occur with coughing are unlikely to be exclusively 
a result of the cuff being compressed by the in- 
creased intrathoracic pressure. These peak pres- 
sures are usually generated when coughing is 
initiated by suction through the endotracheal tube, 
which is therefore open to the atmosphere at the 
time, thus precluding a large increase in intra- 
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thoracic pressure. More plausible is that a moder- 
ately increased intrathoracic pressure, generated 
by the cough, acts on the trachea, which is a 
dynamic organ, and causes it to alter its configur- 
ation and to constrict the cuff (Croteau and Cook, 
1961; Scarpelli, Real and Rudolph, 1965; Carroll, 
McGinnis and Grenvik, 1974). These conditions 
of cuff compression approach those of non- 
distensibility and the pressure increases as the 
volume is diminished because of tracheal 
compression. 

We observed no simple relationship between the 
strength of cough and the peak cuff pressure 
reached. This depends on other factors such as the 
tracheal compliance, degree of altered intra- 
thoracic pressure, the extent of cuff inflation, the 
diameter of the cuff in relation to the trachea and 
the stiffness of the cuff material. Therefore it 
cannot be concluded that patients with the most 
active cough will generate the greatest peak pres- 
sures. These peak c.p. pose a potential hazard of 
tube collapse, cuff herniation and cuff asymmetry. 
Thus it is important that an agreed standard for 
tracheal tubes and cuffs for prolonged use be 
determined. 
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ETUDE DE MESURES, DES TENDANCES ET DU 
COMPORTEMENT DE LA PRESSION 
INTRAMANCHON SUR DES PATIENTS SOUMIS 
A UNE INTUBATION TRACHEALE 


RESUME 


Ona mesuré d’une maniére continue, sur 12 patients et pendant 
des périodes prolongées d'intubation tracheale, la pression se 
trouvant à l'intérieur du manchon (c.p.). On a étudié les 
manchons présentant un important volume résiduel-basse 
pression (trop large) et les manchons ayant un faible volume 
résiduel et une haute pression (normaux). La c.p. moyenne de 
base, à la pression d'occlusion minimale, a été sensiblement 
plus faible dans les manchons trop larges que dans les 
manchons normaux. Lorsque les patients ont toussé, les 
pressions de pointe, dans les deux types de manchons, ont été 
beaucoup plus importantes que les pressions de base mais elles 
n'ont tout de méme pas varié d'une mamère sigruficanve, les 
unes par rapport aux autres. En nous basant sur nos observa- 
tions, nous pouvons recommander unc simplification. des 
méthodes d'essai des manchons et des déformations de tubes. 
Nous esumons que les essais universels à 200 mm Hg (40 kPa) 
sont raisonnables et comprennent un facteur de sécurité 
réaliste La pression à l'intérieur du manchon tend à diminuer 
avec le temps, mais la corrélation entre le rythme de la baisse de 
pression et le temps écoulé est mauvaise. Comme cette baisse 
n'est pas prévisible d'une maniére précise, 11 faudrait ajouter du 
gaz au manchon en fonction des besoins, plutôt qu'à des 
intervalles reguliers. On expose dans ce document d'autres 
caractérisuques sur le comportement des manchons et on y fait 
des suggestions pour expliquer certaines anomalies que l'on a 
occasionnellerrent observées dans le modéle de comportement 
de la pression du manchon. 
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INTRACUFF PRESSURE DURING TRACHEAL aa 


` STUDIE VON MANSCHETTEN- 
INNENDRUCKMESSUNGEN; TRENDS UND 
VERHALTEN VON PATIENTEN WAHREND 
LANGERER PERIODEN VON 
TRACHEALROHREINFUHRUNG 


ZUSAMMENFASSUNG 


Der innere Manschettendruck (c.p.) wurde kontinuierlich 
während langerer Perioden von Trachealrohreinfúhrung 
gemessen. Manschetten mit hohem Restvolumen-niedngem 
Druck (weich) und mit niedrigem Restvolumen-Hochdruck 
(konventionell) wurden studiert. Der mittlere Ausgangswert 
von c.p. bei minimalen Staudruck war in weichen Manschetten 
wesentlich geringer als in konventionellen. Bei Husten waren 
die Spitzendrücke in beiden Manschettenarten wesentlich 
hóher als die Ausgangsdrücke, unterschieden sich aber mcht 
wesentlich voneinander. Aufgrund unserer Beobachtungen 
empfehlen wir eme Vereinfachung der Testmethoden fur 
Manschetten. Wir halten eine universelle Prüfung auf 300 mm 
Hg (40kPa) fur angemessen, und für einen realisuschen 
Sicherheitsfaktor. Der innere Manschettendruck neigt mit der 
Zeit zur Verringerung, doch gibt es kaum eine Korrelation 
zwischen der Rate dieses Druckabstieges und der dabei ver- 
gangenen Zeit. Da dieser Abstieg nicht prazise voraussagbar 
ist, sollte Gas je nach Bedarf den Manschetten zugefuhrt 
werden—nicht in regelmässigen Abstanden. Andere Eigen- 
schaften des Verhaltens der Manschetten werden diskutiert, 
und es werden Erklürungsvorschlage für manche Anomalien 


gemacht, die gelegentlich um Druckverhalten von Manschetten 


beobachtet werden. 
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UNESTUDIO DE LAS MEDICIONES DE LA PRESIÓN 

INTRAYUGO, DE LAS PROYECCIONES Y DE LA 

CONDUCTA DE LOS 'PACIENTES DURANTE 

PROLONGADOS PERIODOS DE INTUBACIÓN 
| TRAQUEAL 


: SUMARIO 

Se midió de modo conunuo en 12 pacientes la presión 
intrayugo, durante prolongados periodos de intubación 
traqueal, Se estudiaron yugos con un alto volumen residual y 
baja presión (sueltos) y de bajo volumen residual y alta presión 
(convencional). La línea media de base relativa a la presión 
intrayugo, a la minima presión de oclusión, fue 
singificau vamente más pequeña en yugos sueltos que en los 
convencionales. Al toser, las presiones de cresta en ambos tipos 
de yugos fueron mucho mayores que las de la linea de base, pero 
no se diferenciaron entre si de modo significativo, Con base en 
nuestras observaciones, recomendamos una simplificación de 
los métodos de verificación para el colapso del tubo y del yugo. 
Consideramos razonable la verificación universal con arreglo a 
300 mm Hg (40 kPa) y el incorporar un factor de seguridad 
realista. La presión intrayugo uende a disminuir con el tiempo 
pero existe una deficiente correlación entre el régimen de 
disminución de la presión y el nempo transcurrido. Dado que 
esta disminución no puede predecirse con precisión, debe 
añadirse gas al yugo según se requiera, en vez de a intervalos 
regulares. Se discuten otras caracterisucas del yugo y se 
efectúan sugerencias para explicar ciertas anomalias que a veces 
se observan en los modelos de conducta de la presión de los 
yugos. 
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RESPIRATORY MASS SPECTROMETRY DURING GENERAL 
ANAESTHESIA | 


C. E. GILLBE, C. P. H. HENEGHAN AND M. A. BRANTHWAITE 


SUMMARY 


The performance of a respiratory mass spectrometer, modified commercially for use during general 

anaesthesia, has been evaluated. Stability and linearity proved satisfactory for monitoring respiratory 

gases and accurate measurement was possible when the inspired concentration of all gases was less than 

80%. The system has been installed centrally in a three-room operating theatre suite and the selection of 
, long sampling probes which permit an adequate response time for all gases 18 discussed. 


Respiratory mass spectrometers suitable for clini- 
cal use have been available for a number of years, 
but their value during anaesthesia has been limited 
until recently because the spectra of several anáes- 
thetic gases and vapours overlap those of the 
respiratory gases. Thus, nitrous oxide and carbon 
dioxide have the same molecular weight (44) and 
both are detected by mass spectrometry at this 
mass number, while halothane (mol. wt 197.4) is 
fragmented in the ionizing chamber of the spectro- 
meter to produce, amongst others, charged par- 
ticles which generate signals at mass numbers close 
to those of both oxygen and carbon dioxide. This 
problem has been resolved by Davis and Spence 
(1979) who have described a spectrum overlap 
eraser which allows quantitative measurement of 
individual gases in a mixture when several con- 
tribute to the signal detected at one or more of the 
mass numbers. The principle of this modification 
is that nitrous oxide and volatile anaesthetics 
fragment in a fixed proportion within the mass 
spectrometer; provided at least one fragment can 
be detected as the sole output at a particular mass 
number, the proportion of the parent substance in 
the original gas mixture can be determined, as well 
as the contribution made by the parent substance 
to the outputs detected at the mass numbers of the 
respiratory gases. Subtraction circuits are used to 
eliminate these unwanted signals so that the 
output voltages detected at mass numbers 28, 
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32 and 44 are proportional to the fractional con- 
centrations in the original mixture of nitrogen, 
oxygen and carbon dioxide respectively. 

This system is now ayailable commercially and 
the performance of such an instrument, installed 
centrally in a three-room operating suite, is rep- 
orted here. The validity of recording through the 
long probes which are used to convey samples 
from several sites to a centrally-situated mass 
spectrometer has been reported previously 
(Davies and Denison, 1979; Gothard et al., 1980). 


The mass spectrometer 

The Centronic MGA 200 mass spectrometer 
modified for use during anaesthesia is an eight- 
channel quadrupole instrument with four anaes- 
thetic correction circuits. Three calibrated, 10- 
turn helical potentiometers on each of the four 
channels allow subtraction of the following 
signals: 
channel 1, nitrogen, (28): nitrous oxide, carbon 
dioxide and volatiles; 
channel 2, oxygen, (32): nitrous oxide, carbon 
dioxide and volatiles; 
channel 3, carbon dioxide, (44): nitrous oxide, 
oxygen and volatiles; 
channel 4, nitrous oxide, detected as nitric oxide at 
mass 30: oxygen, volatiles and spare. 

The automatic summing circuit (automatic sen- 
sitivity control; automatic stability control; ASC) 
has been retained and operates on the output 
voltages after the overlapping signals have been 
eliminated. It corrects automatically for altera- 
tions in sensitivity, barometric pressure or water 
vapour so that the total output voltage from the 
selected channels remains constant (Scheid, Slama 
and Piiper, 1971). 
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The instrument has been installed in a room 
approximately 2.5x1.8m which opens off the 
theatre disposal corridor and which also houses 
cylinders of calibrating gases, an oscilloscope and 
recording apparatus. Heat generated in this room, 
primarily by the mass spectrometer, has necessi- 
tated independent air conditioning to maintain a 
temperature within the operating range of the 
mass spectrometer (22-27 °C). 


The sampling system 

Four long probes (15, 20 or 25 m) of “Portex” 
1-mm i.d. polyethylene tubing pass from the mass 
spectrometer through specially installed ductwork 
to each of three operating rooms where they 
terminate in Luer-connectors mounted in a wall 
panel close to the outlets for the piped gas supplies. 
At present, selected probes are joined to one of the 
two gas inlet ports of the mass spectrometer, but 
eventually a valve box and switching mechanism 
(Gothard et al., 1980) will be installed so that 
samples from up to 12 probes can be analysed in 
turn. The operating table is situated several metres 
from the wall-mounted panel in each theatre and 
so a further 6-m length of 1-mm i.d. polyethylene 
tubing is used to extend the sampling system to the 
patient. The final connection is made using a short 
length (0.1 m) of “Portex” 0.38-mm i.d., 1.0-mm 
o.d. polyethylene tubing. One end of this is 
inserted into the open end of che 1-mm i.d. tubing 
where it makes a leak-free junction of low resist- 
ance and without deadspace; the other end is 
inserted through the rubber suction cap of the 
endotracheal tube connector. 


Cahbration procedure 

'The following routine has proved satisfactory 
and takes approximately 45 min to complete. 

After tuning six or more of the channels to the 
mass numbers required (usuaily nitrogen, oxygen, 
carbon dioxide, nitrous oxide, a volatile agent and 
argon), those for nitrogen (28), oxygen (32), argon 
(40) and carbon dioxide (44) are calibrated using 
known mixtures of these gases (B.O.C. “Hy-line” 
certified gas mixtures). 

The procedure recommended by the manu- 
facturer for erasing overlapping signals is to 
supply the mass spectrometer in turn with pure 
nitrous oxide, carbon dioxide and oxygen, and 
then a mixture of the volatile anaesthetic agent 1n 
carbon dioxide. Once the output is stable with each 
gas (which can take up to 5 min), the unwanted 
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signals are backed off to zero using the appropriate 
potentiometers. Correction for a volatile agent is 
only necessary ifusing concentrations greater than 
1%. Once the spectrum overlap eraser circuits 
have been set, the automatic summing circuit can 
be operated. 

Two modifications have proved necessary in 
practice. First, pure nitrous oxide is used only to 
calibrate the upper end of the nitrous oxide scale 


` and to set the spectrum overlap eraser for oxygen; a 


nitrous oxide mixture is used to set the spectrum 
overlap eraser circuits for nitrogen and carbon 
dioxide. This is because the output signal gener- 
ated by nitrous oxide is not linearly related to the 
concentration of the gas above approximately 
80%. This non-linearity at high concentration is 
common to several gases and is not an artefact 
introduced by the spectrum overlap eraser because 
it is observed even when these circuits are not in 
use. Non-linearity is discussed in greater detailina 
subsequent section, but its presence means that it 
is preferable to set the back-off voltages at mass 
numbers 28 and 44 while the mass spectrometer 
samples a mixture of 50-80% nitrous oxide in 
oxygen. Inaccuracies in the measurement of nitr- 
ous oxide introduced by setting the upper end of 
the nitrous oxide scale while sampling pure nitrous 
oxide are regarded as unimportant in clinical 
practice, and the error on the oxygen scale caused 
by setting the spectrum overlap eraser for this gas 
while sampling pure nitrous oxide is trivial be- 
cause the overlapping signal derived from nitrous 
oxide at mass 32 is very small. 

Second, exposure to air or to pure nitrogen is 
required so that a back-off voltage can be set to 
eliminate the signal at mass 30 which reflects the 
presence of nitrogen-15 in small quantities. The 
spare potentiometer on the nitrous oxide channel 
can be used for this purpose. The fact that there is 
reciprocal overlap between nitrogen and nitrous 
oxide is unimportant in practice because, although 
nitrous oxide produces a sizeable peak at mass 28, 
the signal at mass 30 derived from nitrogen is very 
small. It cannot be ignored, however, because the 
gain at mass 30 must be high for adequate detec- 
tion of the signal from nitrous oxide. The output 
from nitrous oxide at mass 28 should be eliminated 
first, therefore, followed by the small signal from 
nitrogen at mass 30. 

The output on all channels should be re-checked 
in an appropriate gas mixture to detect and adjust 
for any alteretion in sensitivity occurring during 
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the calibration procedure and then the automatic 
summing circuit can be operated. 


EVALUATION OF THE SYSTEM 

Linearity 

This feature can be evaluated only when the 
ASC is not in use because the performance of the 
summing circuit is such that the total signal ourput 
is always 100%, each component being adjusted in 
proportion. Calibration checks were made at from 
four to eight points using air, or certified gas 
mixtures in which the concentration of any in- 
dividual gas did not exceed 80%. The output was 
linear and accurate to within 1% over the range 
encountered in clinical practice for all the res- 
piratory gases except oxygen (fig. 1). Linearity of 
the output of the oxygen channel has been con- 
firmed over the range 0-60%. Falsely low values 
are recorded when a high concentration (more 
than 80%) of any gas is supplied, even though the 
appropriate channel has been calibrated correctly 
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over a lower range. This means that adjustments to 
the calibration should not be made when a pure gas 
is sampled to set the spectrum overlap eraser 
circuits. 

Linearity has been difficult to assess for nitrous 
oxide because certified mixtures are not available, 
and the tolerance of “Entonox” (50% nitrous 
oxide in oxygen) is only +2%. However, evidence 
suggesting that the response to nitrous oxide is also 
non-linear can be obtained in the following way. 
The spectrum overlap eraser circuits for nitrogen 
and carbon dioxide are set so that the outputs of 
the respective channels are zero while the mass 
spectrometer 1s sampling 100% nitrous oxide. It 
should be noted that trace amounts of carbon 
dioxide are generated within the ionizing chamber 
and are detected as a "zero current" at mass 44 
when no carbon dioxide 1s being supplied to the 
instrument. The spectrum overlap eraser for 
carbon dioxide is set to this figure rather than to 
zero. If the mass spectrometer is then allowed to 
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Fic. 1. Plot of apparent against actual concentrations for four different gases. Individual points are 
plotted against the line of identity. 
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sample mixtures of nitrous oxide in oxygen, spu- 
rious values for carbon dioxide and nitrogen are 
recorded, those for carbon dioxide being falsely 
positive and those for nitrogen falsely negative 
(table I). These findings suggest both non- 
linearity of the response to nitrous oxide and that 
the degree of non-linearity for nitrous oxide differs 
from that of the fractions into which it fragments. 
It is for this reason that the technique of setting the 
spectrum overlap eraser circuits for nitrogen and 
carbon dioxide while sampling 50-80% nitrous 
oxide in oxygen has been advocated. 


TABLE I. Apparent concentrations of carbon dioxide and mtrogen, 
recorded in the presence of different concentrations of mtrous oxide, 
when the spectrum overlap eraser circuits for carbon dioxide and 
nitrogen had been set tohile the mass spectrometer sampled 100% 
mirous oxtde. Approximate concentrations of mirous oxide (in 
oxygen) were supplied from a Boyle's apparatus 


Carbon 
Nitrous oxide , dioxide Nitrogen 
(99) (apparent %) (apparent 96) 
100 0.1 0.0 
Approx. 80 1.25 —0.6 
Approx. 67 1.1 —0.4 
Approx. 50 1.1 '—0.5 


The delivery of a pure gas to the mass spectro- 
meter causes a distortion of the readings on all 
channels when a mixture of gases is sampled 
subsequently. This distortion lasts for up to 5 min 
and the direction of the error depends on the 
nature of the preceding gas: 100% oxygen aug- 
ments all readings by approximately 10% whereas 
100% nitrogen depresses them by 5%. Depression 
followed by an overswing is seen after pure argon, 
whereas previous exposure to pure carbon dioxide 
depresses the readings of all gases in a mixture, 
except for carbon dioxide itself, which is augmen- 
ted. These observations are, of course, modified if 
the ASC ıs ın use because then the total signal 
output is always adjusted to 100%. 

The explanation for this effect of pure gas is 
unknown, but it could be caused by loose combi- 
nation with or solution in the ionizer filament or 
thé metal of the electron multiplier. It cannot be 
ignored entirely during anaesthesia because high 
concentrations of oxygen, up to and including 
100%, are used in some circumstances. The effect 
of pure oxygen is to augment the output from all 
channels to approximately the same extent and so 
Operation of the automatic summing circuit ad- 
justs each signal in proportion. However, all 
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measurements made in the presence of high con- 
centrations of oxygen (more than 80%) should be 
viewed with caution because of the non-linearity of 
the output towards the upper end of the range. 


Stability 

Recalibration at intervals confirmed that the 
output signals for nitrogen, oxygen and argon 
altered by less than 1% of full scale deflection in 
24 h if the instrument was operated with the ASC. 
Values for carbon dioxide were equally stable in 
the absence of nitrous oxide, but zero concen- 
trations of carbon dioxide registered up to +2% 
after 24 h if the instrument sampled high concen- 
trations of nitrous oxide; the signal for nitrous 
oxide changed by up to 1% full scale deflection at 
the same time. This greater inaccuracy at mass 44 
in the presence of nitrous oxide was attributed to 
summation of drift on both the nitrous oxide and 
carbon dioxide channels. 

The spectrum overlap eraser potentiometers 
required adjustment by less than 1% of each 
setting in 24 h, and the settings of the mass tuning 
potentiometers were stable to within 0.1% over 
48 h. 


Response times and sampling rate 

When a new gas mixture is presented to the tip 
of a long sampling probe, there is a delay before the 
change is detected. The transit time is the time 
taken for the sample to traverse the long probe; the 
response time is the interval required for the mass 
spectrometer to register the change, starting from 
the instant that the signal begins to alter. 

These intervals have been measured for various 
gases and diferent assemblies of tubing. The tip of 
the probe was removed swiftly from the test gas 
and the transit time was measured with a stop 
watch. Once the transit time had been established, 
the response time was determined by freezing the 
signal on a storage oscilloscope (sweep time 500 or 
1000 ms), photographing the trace and measuring 
the 0-95% change. The sampling rate of the 
system was measured by timing the clearance of a 
known volume of gas from a collapsible container 
(a rubber glove). t 

Transit times, response times and sampling 
rates for a variety of probes and gases are shown in 
table II. A long length of fine tubing between the 
patient and the wall-mounted connector proved 
impractical because the samphng rate and re- 
sponse times were too slow. A short length of fine 
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TABLE Il Samphng rates, transit times and response times for various gases and probe assemblies. Each measurement was made in 
duplicate. The coefficient of variation determined on eight measurements using one probe 1n one gas was 3.1% *CO ,: a mixture of 8% 
carbon dioxide in 60% mtrogen, 24% oxygen and 8% argon 





plas 





Transit Response 
rate ume ume 
Probe assembly (ml min” !) (s) (ms) Gas 
25 m x ] 0-mm 1.d. polyethylene 5.5 205 Ar 
280 CO, 
25 m x 1.0 mm polyethylene + wall connector 5.6 
25 m x 1.0 mm polyethylene + wall connector 8.0 265 Ar 
+6m x I.0-mm 1.d polyethylene 455 CO, 
25 m x 1.0 mm polyeth. + connector --6 m x 1.0 mm polyeth 
+05 m x 0.38-mm i.d. polyethylene 72 109 620 CO, 
615 *CO, 
+0.75 m x 0.38 mm polyethylene 55 , 12.0 795 CO; 
+1.25 m x 0.38 mm polyethylene 42 13.9 860 CO, 
40.1 m x 0.38 mm polyethylene 112 85 205 Ar 
425 CO, 
90 He 
175 SF, 
15mx1.0mm polyeth. 4- connector - 6 m x 1 0 mm polyeth. 
--05 m x 0.38 mm polyethylene 85 5.7 430 CO, 
+0.1 m x 0.38 mm polyethylene 131 5.3 185 Ar 
265 CO, 
350 N,0 
200 0; 
a 79 He 
175 SF, 
25 m x 1.0 mm polyeth. -- connector +6 m x 1 0-mm i.d. nylon 
+10m x 0.25-mm i.d. nylon 23 18.8 1075 CO, 
+0.5 m x 0.25-mm 1.d. nylon 40 141 365 Ar 
720 CO, 





tubing is desirable, however, to concentrate the 
resistance of the sampling probe at the tip (Glaister 
and Farncombe, 1979), to act as a filter, and to 
achieve an adequate but not excessive sampling 
rate. A 0-95% response time of less than 500 ms is 
achieved for all gases if the end of the probe is 
Olm of 0.38-mm i.d. polyethylene tubing. 
Polyethylene rather than nylon tubing was chosen 
to minimize uptake of water vapour which, it was 
thought, might absorb and subsequently release 
soluble gases, so interfering with the composition 
of the sample. This hypothetical advantage has 
since been disproved because polyethylene itself 
can absorb a number of gases, the solubility of 
some at least being similar to their solubility in 
water (table III). Polyethylene, however, is easy to 
handle, does not kink readily, and a satisfactory 
junction can be made very easily between the short 
length of fine tubing at the tip and the wider bore 
tubing which forms the major part of the probe. 


Considerable disparity was noted between the 
response times for different gases (table II). 
Goodwin (1979) related response time to viscosity 
when sampling with a probe of narrow and uni- 
form bore, but a more complex relationship exists 
when the diameter of the probe is not constant 
(Glaister and Farncombe, 1979). A Spearman rank 
correlation test suggests that the response time 
may have some relation to solubility in water (and 
hence probably to solubility in polyethylene), 
possibly to viscosity, but not to molecular weight 
(table III). It seems likely, therefore, that uptake 
of gases within the probe and probably viscosity of 
the sample are the factors responsible for the 
different response times. 

A further observation which supports the view 
that soluble gases are absorbed by the walls of the 
tubing is that the response time for nitrous oxide 
depends on whether the sampling probe has re- 
cently been exposed to the gas. Thus, the rise ume 
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TABLE III. Response times of a variety of gases sampled through the same probe assembly (15 m x 1.0 mm polyethylene + wall 
connector +6 m x 1.0 mm polyethylene+0 1 m x 0.38 mm polyethylene) and compared with their viscosities, molecular weight and 
solubthties ın water and polyethylene. * Solubility of gases in water expressed as Bunsen coefficient (vol. s.t.p.d. vol” ! atm” im water at 
20°C (Kaye and Laby, 1966; Brinsh Oxygen Co., Special Gases Division, personal communication). Solubihty in polyethylene 
expressed as ml at s.t.p./ml polyethylene atm” ' (Imperial Chemical Industries, Plastics Division, personal commumcanon) 


* H 
Mol. Solubility Viscosity Response time 
Gas weight Water Polyethylene (Nsm~? x 1077) (ms) 
N40 . 44 0.63 = 146 350 
CO, 44 0.85 0 25 146 265 
0, 32 0.03 0.04 200 200 
Ar £0 0.032 — 222 185 
SF, 146 0 001 E 148 175 
He 4 0 0086 0.006 186 79 
Spearman 0.1714 0.8286 — 0.5143 
correl. coeff. l 





of a previously unused probe, measured as soon as 
it is exposed to nitrous oxide, is very slow (ap- 
proximately 5 s). A probe which has been left full 
of nitrous oxide for some hours or which has been 
used recently to sample a nitrous oxide-containing 
gas mixture has a response time of 300-500 ms. 

The validity of physiological signals recorded 
through long sampling probes has been explored 
by Davies and Denison (1979). They reported 
response times of 200-300 ms for helium and 
sulphur hexafluoride, values similar to those de- 
termined for these gases in the present study. 
Although the response times for carbon dioxide 
and nitrous Oxide are considerably longer, the 
accuracy with which carbon dioxide waveforms 
. could be recorded through the comparable probe 
assembly used by Davies and Denison (1979), 
suggests that remote monitoring during anaes- 
thesia will be adequate for all but the fastest 
respiratory events, for example a spontaneously 
breathing infant. 


CONCLUSION 


It can be concluded that the stability, linearity and 
response times of the system reported here are 
sausfactory for monitoring respiratory gases 
during anaesthesia. Accurate measurement is 
possible only when the inspired concentration of 
each gas is less than 80%. Allowance for the non- 
linearity of response to nitrous oxide should be 
made by setting the spectrum overlap eraser 
circuits for nitrogen and carbon dioxide while the 
mass spectrometer samples a 50-80% mixture of 
nitrous oxide in oxygen, rather than the pure gas. 
Recalibration of the carbon dioxide channel is 
required at least every 8 h; this means attention 


from an operator familiar with the apparatus, 
which places some constraint upon the routine use 
of the system. 
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RESPIRATORY MASS SPECTROMETRY DURING ANAESTHESIA 


SPECTROMETRIE DE MASSE RESPIRATOIRE\ 
PENDANT L'ANESTHESIE GENERALE 


- RESUME 

On a procédé a l'évaluation des performances d'un spectro- 
métre de masse respiratoire, modifié dans le commerce, pour 
utthsation pendant l'anesthésie générale. Sa stabilité et sa 
línéarité ont été jugées sausfaisantes pour la surveillance des 
gaz respiratoires et on a pu prendre des mesures précises 
lorsque la concentration inspirée de tous les gaz a été inféneure 
à 8096. Le systéme a été installé au centre d'une salle 
d'opérations comportant trois piéces et on discute dans cet 
article du choix des longues sondes d'echantllonnage qui 
permettent d'obtenir un temps de réponse adéquat pour tous 
les gaz. 


RESPIRATORISCHE MASSENSPEKTROMETRIE 
UNTER ALLGEMEINER NARKOSE 


ZUSAMMENFASSUNG 
Die Sage emes respiratorischen Massenspektrometers, 


kommerziell modifiziert zur Verwendung wdhrend allege- 
meiner Narkose, wurde untersucht. Stabilitat und Linearitat 
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erwiesen sich als zufriedenstellend fur die Besummung von 
Atmungsgasen, und eine genaue Messung war móglich, wenn 
die eingearmete Konzentration aller Gase weniger als 80% 
betrug. Das System war zentral in einer Suite von drei 
Operationssalen installiert worden, und diskutiert wird die 
Auswahl langer Gasproben, die cine adaquate Reaktionszeit für 
alle Gase gestatten. 


ESPECTROMETRÍA RESPIRATORIA DE MASAS 
DURANTE ANESTESIA GENERAL 


SUMARIO 


Se evaluó el rendimiento de un espectrómetro de masas para 
respiración, modificado comercialmente para usarse durante la 
anestesia general. La estabilidad y la Iinearidad mostraron ser 
satisfactorias en lo tocante a gases respiratorios de contro! y fue 
posible la precisa medición cuando la concentración de todos 
los gases aspirados fue inferior al 80%. El sistema se ha 
instalado con carácter central en un teatro de operaciones de 
tres salas y, asimismo, se discute la selección de largas sondas de 
muestreo que permitan un adecuado tiempo de respuesta para 
todos los gases. 


Br. F. Anaesth. (1981), 53, 111P 
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EFFECTS OF HALOTHANE AND ENFLURANE ON 
MYOCARDIUM SUPPLIED BY A NARROWED 
CORONARY ARTERY 


P. Foxx, C. M. FRANCIS, G. R. CUTFIELD, E. LOWENSTEIN,* 
W. A. RYDER AND W. L. Davies ` 

Nuffield Department of Anaesthencs, 

Umversity of Oxford 


Most of the experimental studies of the effects of anaesthesia on 
the myocardium have been carried out on normal hearts. Only a 
few studies have examined regional myocardial function in 
ammals with acute myocardial ischaemia. Bland "and. 
Lowenstein (1976) have shown that halothane minimizes the 
severity of ST segment elevation as a result of acute coronary 
occlusion. Smith, Rogers and Thorburn (1980) have shown 
that halothane improves the balance of oxygen supply ‘to 
demand of ischaemic myocardium suggesting that halothane 
may protect the myocardium. 

Studies of the effects of anaesthesia on cardiac performance 
when a coronary artery is narrowed may be more clinically 
relevant than studies carried out when a coronary artery 18 
occluded. 

Regional myocardial function may be evaluated by measur- 
ing segment length continuously with subendocardial ultra- 
sonic transducers. Global cardiac function may be evaluated by 
recording e.c.g., aortic, ventricular and left atrial pressures, 
aortic blood flow and LV dP/dt max. 

We have studied the effects of halothane and enflurane on 
regional and global cardiac function before and after critical 
constriction of the left anterior descending coronary artery 
(LAD). Cnucal constricuon was defined as the maximum 
amount of ughtening of a micrometer-controlled snare placed 
around the LAD that is compatible with normal regional 
contraction and abolishes the hyperaemic response to a 10-s 
occlusion of the vessel. 

In eight dogs the effects of stepwise increases of halothane 
concentration (0.5% to 2%) were studied. Dose-dependent 
reductions of mean arterial pressure (up to 39%), of LV 
dP/dz,,,, (up to 50%), of aortic blood acceleration (up to 58%), 
of cardiac output (up to 38%) and of shortening (up to 23% for 
the LAD segment and up to 20% for the control segment) were 
observed before critical constricuon of LAD. After critical 
constriction, the dose-dependent effects of halothane on global 
function were sumilar to those observed before constriction. 
However, the LAD segment showed greater depression of 
shortening (up to 54%), whilst the control segment behaved as 
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before. Paradoxical systolic lengthening and post-systolic 
shortening were observed. 

In eight dogs, the effects of stepwise increases of enflurane 
concentration (1.1 to 3.3%) were studied. Dose dependent 
reductions of mean arterial pressure (up to 32%), of LV 
dP/dz,,,, (up to 50%), of cardiac output (up to 38%), and of 
shortening (up to 41% 1n the LAD segment and up to 30% in 
the control segment) were observed. After critical constriction 
of LAD, the dose-related reductions of mean arterial pressure 
(up to 44%), of LV dP/dt ma: (up to 57%) and of cardiac output 
(up to 54%) were greater than before critical consticuon The 
dose-related reductions of shortening were more pronounced 
(up to 53%) in the LAD segment and less pronounced (up to 
25%) in the control segment than before critical constriction. 

In the case of a critically narrowed coronary artery, halothane 
and enflurane impair regional performance more than global 
performance. Paradoxical wall motion may occur and may 
cause wall stresses. Such stresses may contribute to the cardiac 
risks of anaesthesia. 
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NALOXONE IN THE TREATMENT OF 
ENDOTOXIN SHOCK 


J. B. BRUCKNER, J. v. FABER DU FAUR AND R. DANNER 
Institute of Anaesthesiology, Free University of Berlin, Khmkum 
Charlottenburg 


In 15 mongrel dogs, anaesthetized and the lungs ventilated 
artificially, the effect of pretreatment with naloxone 
10 mg kg”! 1.v. on the cardiovascular effects of a subsequent 
dose of 6 mg kg™! of endotoxin was investigated. Compared 
with the controls naloxone prevented or reduced the depressant 
effects of a high dose of endotoxin (table I). The naloxone- 
pretreated animals showed either no change or a less marked 
reducton 1n mean aortic pressure (MAP), cardiac index (CI), 
stroke volume index, maximum dp/dr, left ventricular work, 
coronary blood flow (MBF), myocardial oxygen consumption 
and efficiency of left ventricular work (EME). The naloxone 
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TABLE I. Mean changes after endotoxin 6.0 mg hg ^! 1.9. C = control (n = 8), N = naloxone (n = 7) *ZP «0.05 


Mean aortic 

pressure Cardiac index 

(mm Hg) (mlkg ! min) 

C N C N 
Control 124.5 126.6 114.5 99.1 
10 min — 44.6* —4.4 —45.7 *0.4 
30 min —41.5* -7.1 — 24.8* 13.8 
60 min —56.6*  —28.3 —37.8* —0.8 
90 min — 60.6 —39.7 —42.3*  —18.3 
120 min —59.1 —38.3 —49.4* —23.8 
180 min —50.3 —38.8 —52.1*  —243 


effect waned 60 mun after endotoxin injection. Clinical imph- 
cations for the use of naloxone in the therapy of shock will be 
discussed. 


EFFECTS OF VARIOUS ANAESTHETICS ON 
HAEMODYNAMICS AND RENAL BLOOD FLOW 


D. KETTLER AND H. D. SCHENK 
Institut fur klinische Anaestheste der Universitat, 
Gottingen 


Mean aortic pressure (MAP), cardiac output (CO), renal blood 
flow (RBF) and plasma renin activity (PRA) were studied in 
dogs receiving various i.v. anaesthetics and under either 
extradural block or light halothane nitrous oxide in oxygen 
anaesthesia, the latter serving as control. Under steady state 
conditions autoregulation of RBF and the fraction of RBF on 
CO were investigated in detail (table I). 

With thiopentone, Althesin and propanidid 1n clinical doses 
autoregulation was maintained. Ketamine shifted the auto- 
regulation plateau slightly upwards, whereas etomidate pro- 
duced a significant decrease. During halothane anaesthesia 
renal blood flow (RBF) reflected cardiac output (CO) when the 
latter was normal or reduced, but was unchanged when cardiac 
output was increased (greater than 150 ml min” * kg” !). With 
Althesin, RBF and CO were essenualy unchanged. 
Thiopentone with and without halothane produced a varying 
haemodynamic state, but the relationship between RBF and 
CO was maintained. With ketamine regulation of renal circula- 
tion was similar to that obtained under conditions of high 


TABLE I. Effects of 1.v. anaesthetics in nitrous oxide in oxygen analgesia (IVA) compared with hight halothane ( «0.7 vol'/o)-nitrous 


Coronary Efficiency 
Max dp/dt flow L.V. work 
(mm Hg s`!) (ml min^! per 100 g) (%) 

C N C N C N 
1583 2327 731 64.1 22,3 17.1 
—803* 288 —29.7* -1.2 —7.7* 2.4 
—593* 442 — 18.2 —3.6 —4.1 3.1 
—723* 76 — 26.8 —11.0 —12 —0.3 
—778* —234 —23.1 —9.0 —9.0 -4.2 
—784* —240 —26.2 — 10.1 —8.9 —3.4 
—688  —216 -214 —10.9 -99  -34 


cardiac output. Etomidate reduced RBF and CO to the same 
extent because of an increase in renal and general vascular 
resistance. 

Propanidid in combination with halothane produced varia- 
tions 1n renal circulation similar to those ın patents with heart 
failure: CO was maintained but renal perfusion diminished. 
After halothane was withdrawn general haemodynamics under 
propanidid showed reactions comparable to a histamine effect 
with an increase 1n CO, while RBF was unaffected. 

Under fentanyl, RBF and CO decreased to the same extent 
without significant changes 1n MAP. Atropine, droperidol and 
extradural, blocx. (T7) abolished the response of CO and RBF 
to fentanyl. The renin-angiotensin response to changes in 
arterial presssu-e produced by the 1.v. anaesthetics appears to 
be a major homeostatic mechanism in view of a reduced 
catecholamine liberation during halothane anaesthesia. It was 
observed further, that all variations in RBF produced by the 
anaesthetics were secondary to changes 1n the general circula- 
tion. Specific anaesthetic action on renal function is (if present 
at all) of minor importance. i 


FAILURE OF EXTRADURAL MORPHINE TO 
PROVIDE ADEQUATE PAIN RELIEF IN LABOUR 


J. LASSNER, G. BARRIER, M L. TALAFRÉ AND D. DURUPTY 
Department of Anesthésiologie, Cochin-Port Royal, Paris 


After giving informed consent, 30 women ın labour received 
either 5 mg of morphine hydrochloride ın 10 ml of normal 


oxide and oxygen anaesthesia (FLA). Extradural block effects are presented during HA, *2P «0.05 


co RBF 


MAP PRA 

(mm Hg) (ml min” ' kg” !) (ml min ^! di!) (ng ml^! h^) 
Anaesthetic n HA IVA HA IVA HA IVA HA IVA 
Ketamine 4 mg h`! kg”? 10 108 136* 133 167* 319 355* 10.7 9.0 
Thiopentone 10 mg h^! kg! 7 109 131* 132 142 304 311 84 14.4 
Etomidate 1 mg h^ kg™! 7 109 128* 116 101* 296 240* 12.1 16.2 
Propanidid 35 mg h“! kg! 10 111 117 137 153 334 322 119 64.5* 
Althesin 0.67 mi h`! kg! 5 116 103 135 141 330 318 9.0 12,4 
Fentany! 0.05 mg h^! kg! 14 117 ii 129 90* 343 228* 15.2 36.8* 
EB (mepivacaine 2%) 8 ml 6 113 93* 139 140 345 337* 12.4 13.8 
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saline or saline alone by an extradural catheter in a double-blind 
randomuzed study. 

The extradural catheter was inserted at the L2-L3 or L3-L4 
interspace when contractions had become well established and 
cervical dilatation had reached 2-3 cm. 

Uterine activity, maternal arterial pressure and respiration 
were closely monitored and constant attention given to possible 
side-effects of morphine '(nausea, vomiting, itching). Fetal | 
heart rate was recorded continuously. 

Pain was rated by the parturient as 0 = no pain, 1 = slight 

pain, 2 = severe, and 3 = unbearable. A raung was established 
before the injection and 30 min afterwards. If no pain relief had 
been obtained at the time of the second rating, 0.375% 
bupivacaine 8-12 ml was injected via the extradural catheter. 
Top-up injections were given when needed. 
' If some relief had been obtained, injection of bupivacaine 
was deferred until the time the patient asked for pain relief. 
Five in the morphine group and three in the saline group did 
not require any bupivacaine. 

There were five cases of incomplete records or unforeseen 
changes. Of the remaining 25, morphine had been administered 
in 13, saline in 12. There were 10 primiparae and three 
multiparae in the morphine group and nine primiparae and 
three mültiparae 1n the saline group. Mean pre-injection pain 
rating was 2.38 in the morphine group and 2.35 in the saline 
group. Mean pain reduction was 0.63 at the second rating 
30 min later in the morphine group and 0.21 in the saline group. 
A reduction of pain intensity of 0.5 points or more was obtained 
in eight of the 13 receiving morphine and five of the 12 receiving 
saline, The total volume of 0.375% bupivacaine given until 
birth to achieve pain relief was 14.38 + 4.43 ml in the morphine 
group and 10.77 +3.93 ml ın the saline group. Neither of these 
differences is stanstically significant at the 0.05 level. 

In one of the patients receiving morphine, severe itching 
occurred 5 h after the injection. In one who received saline, 
hypotension occurred after 10 ml of 0.375% bupivacaine. 

Apgar scores of 7 or less were found at 1 min in one patient in 
the morphine group (after instrumental extraction for dystocia) 
and onein the saline group 1n which Caesarean section had been 
performed. The scores were 9 and 10 respectively at the 10th 
min. 

Neurosensory testing according to the method of 
Amiel-Barrier-Shnider at the 30th min of life gave a total of 
27/30 in all cases. 

- While no major side-effects occurred, extradural morphine 
failed to provide adequate pain relief in the study. 


OBSTETRIC ANALGESIA WITH FENTANYL 
ADMINISTERED BY THE EXTRADURAL ROUTE 


M. A. NALDA, F. CAMPO AND I. BURZACO 
Faculty of Medicine, University of Barcelona, Spain 


Following our experience of extradural administration of 
morphine to patients with acute or chronic pain, we have given 
fentanyl by the extradural route for analgesia in labour. We 
report preliminary results in an unselected group of 30 patients, 
mean age 25.4 yr, mean weight 52kg, with normal term 
pregnancy. 

In all patients the extradural space-was entered at L1-L2, 
leaving a catheter directed 3 cm downwards, through which 
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fentanyl 0.005 mgkg ! 
reached 4 cm. 

In all the patients we monitored lung ventilation, arterial 
pressure, heart rate, fetal heart rate and uterine activity, 
together with periodic blood sampling for maternal and fetal 
acid—base assessment. 

We obtained excellent results in 28 cases. There was no case 
of fetal or maternal depression, no adverse effect on uterine 
activity, and no abnormality in the follow-up assessment of the 
newborn of mothers receiving fentanyl by the extradural route. 


was given when cervical dilatation 


A NEW APPROACH TO ARTIFICIAL EXPANSION 
AND VENTILATION OF THE LUNG IN THE 
SEVERELY ASPHYXIATED NEONATE 


M. RoszN, R. S. VAUGHAN, W. W. MAPLESON, 
K. M. LAURENCE AND E. K. HILLARD 

Welsh National School of Medicine, 

Umversity Hospital of Wales, Cardiff 


When there is severe asphyxia resulting in birth apnoea, 
expansion of the newborn lung must precede vennlation by 
intermittent positive pressure. The applied pressure may be 
insufficient to cause full expansion with resultant hypoxia or 
may cause over-expansion and rupture of tbe lung. The only 
way 1n which a pre-determined pressure can be achieved, and 
not exceeded in the alveoli, is to apply that pressure at the upper 
end of the airway (the mouth) and to wart until all flow ceases. 
Applying pressure in this way and increasing it in steps of 
suitable size at selected intervals should ensure that the 
maximum pressure produced in the alveoli 1s the minimum 
necessary for resuscitating each infant. On the basis of work in 
this Department, ranges of opumum values for the initial 
pressure (1.5-2 kPa), increments (0.25-1 kPa) and time inter- 
vals (5-30 s), are suggested. Clinical judgement 1s still necess- 
ary to select from within these ranges, but this “pressure 
staircase” method provides a systematic approach A suitable 
apparatus is described which avoids short-term high pressure 
(waterhammer effect) and the pressure settings are each virtu- 
ally independent of flow up to 50 htre min” !. 


EXPERIMENTAL STUDIES ON THE EFFECTS OF 
PEEP AND DIFFERENT 
VENTILATION-COMPRESSION RATIOS IN 
NEONATAL CARDIOPULMONARY 
RESUSCITATION 


W. Dick, E. TRAUB, K. ENGELS AND K.-H. LINDNER 
Center for Anesthesiology, Umversity of Ulm 


In both animals and man 1t has been demonstrated that during 
cardiopulmonary resuscitatión the intrapulmonary shunt may 
be about 50% of the cardiac output or even more. 
Ventilation-compression ratios of 1 : 5 are still recommended 
for neonatal cardiopulmonary resuscitation. 

To study the effects of vennlation with PEEP and of different 
ventilanon—compression ratios during cardiopulmonary re- 
suscitation, 36 pigs (mean body weight 4-5 kg) were anaesthe- 
tized, the trachea intubated and the lungs artificially ventilated. 
After catheters were placed in the internal jugular vein and the 
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carotid artery, cardiac arrest was initiated by admunistenng 
potassium chloride 1.v. 

Immediately after, cardiopulmonary resuscitanon was star- 
ted using ventilation rates of either 30 or 40 b.p.m. and 
compression rates of 60, 80-100, 120 or 160 per min. Each of 
the 36 animals received ventilation-compression ratios of 1 . 2, 
1:3 and 1:4 Finally, within two groups the effects of either 
5 cm or O cm end-expiratory pressure were compared. 

The systolic arterial pressure decreased with increasing 
compression rates and with increasing venulanon rates. 
Diastolic arterial pressure decreased to almost 5 mm Hg, the 
mean arterial pressures within all groups being about 25 mm 
Hg after 5 min and a little less than 25 mm Hg after 10 min. 

Blood-gas tension measurement did not show any difference 
which can be related to the ventilation—compression ratios. A 
significant increase in arterial Po, was observed with res- 
piratory rates of 40 compared with 30 b.p.m. 

Using carbon dioxide elimination as an indicator of success- 
ful resuscitation, the respiratory rate of 40b.p.m. and 
ventilanon—compression ratios of 1* 3 instead of 1' 40r 1.5 
should be preferred. Oxygenation can be significantly ım- 
proved by the immediate application of 5 cm H,O PEEP. 


* EFFECT OF DOBUTAMINE ON BLOOD FLOW 
THROUGH COLLAPSED LUNG 
\ 
M. K. SYKES, C. ORCHARD, M. K. CHAKRABARTI AND 
N. LEME 
Department of Anaesthetics, Royal Postgradúate Medical 
School, London 


Regional alveolar hypoxia produced by venulanion of a lung or 
lobe with hypoxic gas mixtures causes pulmonary vasoconstric- 
tion. This reduces the blood-flow to the hypoxic area and so 
minimizes the decrease in arterial Po,. It has now been shown 
that dobutamine and a number of inotropic, bronchodilator 
and inhalation anaesthetic drugs may reversibly inhibit the 
hypoxic pulmonary vasoconstrictor mechanism, thus increas- 
ing the blood flow to the hypoxic areas of lung so that there 1s a 
further decrease 1n arterial Po,. The purpose of the present 
experiments was to determine whether dobutamine could 
increase shunt by inhibiting pulmonary vasoconstriction 1n a 
collapsed left lower lobe of the dog. : 

Seven dogs were anaesthetized with thiopentone and pento- 
barbitone, and the lungs ventilated mechanically with 100% 
oxygen. A left thoracotomy was performed and an electro- 
magnenc flow-probe placed around the left lower lobe pul- 
monary artery. The lobe was ventilated independently with 
100% oxygen Dobutamine 30 ug kg ' min”! was adminis- 
tered 1.v.: (a) during ventilation of the lobe with 7% oxygen in 
nitrogen; (b) during collapse produced by occlusion of the 
endobronchial tube after the lobe had been ventilated with 
100% oxygen for at least 30 min; (ci after re-expansion of the 
lobe and a second period of ventilation. with 7% oxygen in 
nitrogen Cardiac output was determined by the dye dilunon 
method and the flow to the lobe expressed as a percentage of the 
total blood flow (Q,/Q4) Catheters were also inserted for 
measurement of aortic and pulmonary arterial pressures. 

O JO, decreased during vennlanon hypoxia and was re- 
duced further during collapse. During the administration of 
dobutamine Q, IO. increased significantly during collapse but 
not during the two periods of ventilation hypoxia. However, 
dobutamine increased cardiac output and mixed venous Po, so 
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that the resultant changes in arterial Po, were small. Since 
there were no significant changes in pulmonary artery or 
pulmonary artery wedge pressures throughout the experiment, 
itis concluded that dobutamine may increase flow to a collapsed 
lung lobe by inhibiung hypoxic pulmonary vasoconstriction. 


SOME ASPECT OF MECHANICAL VENTILATION 
IN INFANTS: A NEW CONCEPT OF WEANING 


Z. RONDIO 
Department of Anaesthesiology, The National Research Institute 
of Mother and Child, Warsaw 


In patients with respiratory failure the chief objective of mech- 
anical ventilation is restoration of normal alveolar ventilation. 
However, most venulators are not effecuve in the neonate and 
there 1s a particular problem when the infant 1s being “weaned” 
from the ventilator. It is known from clinical observation that 
an infant attempting to overcome lung collapse and to restore 
FRC exhibits rapid shallow breathing, with exhalation through 
a partially closed glottis. 

In our depa-tment, high frequency mechanical ventilation 
has been introduced. For this purpose our ventulator (RELOG- 
Inf. G-19, Farum, Warsaw, Poland) has been modified. Time 
preset constant-flow iuspiration, in addition to independent 
setungs for respiratory frequency and I/E rauo, permit con- 
tinuous measurement of expiratory volume (this 18 impossible 
when a constant-flow generator 18 used 1n other types of venti- 
lator). The respiratory frequency can vary up to 120 b.p.m. 
with preset VE, Vr and oxygen concentration calculated from 
simple nomograms; PEEP can be added. 

The results of our experimental studies show that adequate 
alveolar ventilanon can be obtained at high ventilatory frequen- 
cies, but with advantages of low intratracheal and intrapleural 
pressures. Application of PEEP (5cm H,0) even during 
ventilation of 100 b.p.m. increased FRC by 25% of the normal 
value. It was observed that under fast mechanical vennlanon 
VD/VT-increa3ed significantly with respiratory rate, but 
alveolar ventilation could be corrected by suitable choice of 
minute ventilation. 

For weaning from the ventilator a new paediatric system of 
minute mandatory ventilanon (PSMMV) 18 introduced. A 
double-ended bag-in-box, on the inspiratory line, with two 
one-way valves has been used. The bag 1s open to the box for 
constant calibrated out-flow. The bag, as the indicator of 
expired volume, is filled according to the regulated and 
predicted expired minute volume. When the bag is not filled 
sufficiently, acuve insufflation of the lung is effected by the 
venulator. The pre-set volume (time of constant-flow of gas 
during inspiratory phase) 18 sufficient to maintain alveolar 
ventilation, 


A NEW ANAESTHETIC BREATHING SYSTEM 


H. RUBEN 
Hvidovre University Hospital, Denmark 


The principles of a new anaestheuc breathing system are 
described. The system differs from existing ones ın the 
following important respects: 

Without altering the arrangement of components it functions 
as a closed, semi-closed or non-rebreathing circuit, determined 
by the fresh gas supply flow only. 
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No adjustment of the exhaust valve 18 required, for example 
when changing from spontaneous to controlled Kee or 
when changing the inflow rate. 

Pressures which might damage the lung tissue cannot occur 
no matter how great the inflow of fresh gas. 

Alveolar air 18 always exhausted from the system in prefer- 
ence to fresh gas, thus ensuring maximum fresh gas economy. 


FACTORS AFFECTING THE PERFORMANCE OF 
CIRCLE SYSTEMS USED WITHOUT CARBON 
DIOXIDE ABSORPTION $ 


C. M. Conway AND C. SCHOONBEE 
Westminster Hospital, London 


A circle system with an attached ventilator has been used to 
ventilate a model lung. The reservoir bag of the system was 
replaced by a length of corrugated tubing attached to the 
ventilator outlet. A small constant flow of carbon dioxide 
entered the hung and tidal carbon dioxide concentrations were 
measured at various combinations of fresh gas flow (VF), ndal 
volume (VT), and respiratory frequency (f). Two separate 
forms of circle geometry were studied. 

A greater efficiency—that 1s a lower end-tidal carbon dioxide 
(Fco) at any given value of Vr and VE—was found when fresh 


gas entered the system on the lung side as opposed to the - 


ventilator side of the unidirectional inspiratory valve. This was 
ascribed to the former arrangement having a greater capacity to 
store fresh gas in the inspiratory limb, and 1s in agreement with 
the findings of Snowdon and others (1975). With the latter form 
of fresh gas entry used at a constant respiratory frequency, 
multinomial regression equations relanng FÉco,to VF and VE 
had correlation coefficients which approached unity. 
Increasing f reduced efficiency. Poor relationships were found 
between Fico» Vr and Vs when VT was kept constant and VE 
varied by varying frequency. These differences in behaviour 
appear to be a result of gas mixing within the system being 
greatly affected by changes in frequency. As frequency in- 
creases fresh and expired gas in the system become more 
uniformly mixed. 

Inconsistent and non-reproducible results were obtained 
when a bag-in-box arrangement was used to ventilate the 
system and gas was vented from the systern during inspiration. 
Under these circumstances behaviour of the system was greatly 
influenced by any changes in the resistance of the pop-off valve 
and by any changes in the dynamics of the system. 
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PHARMACOKINETICS OF CONTINUOUS 
INFUSIONS OF ALTHESIN, MINAXOLONE AND 
ICI 35 868 TO SUPPLEMENT NITROUS OXIDE 
ANAESTHESIA IN MAN 


C. PRYs-ROBERTS AND J. W. SEAR 

University of Bristol, Bristol 

H E ADAM 

ICI Pharmaceuticals, Alderley Park, Cheshire 
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The steroid anaesthetics, Althesin or minaxolone (a new water 
soluble steroid), or ICI 35 868 (di-1sopropyl phenol) have been 
admunistered}as continuous 1.v. infusions to supplement nitr- 
ous oxide 67% 1n oxygen anaesthesia. We have defined the 
minimum infusion rate (MIR) for i.v. agents as that infusion 
rate which suppressed movement of the patient in response to 
the inital and to subsequent sustained surgical sumulanon. 
Following premedicanon with morphine 0 15 mg kg^' and 
atropine 0.6 mg, MIR for 11 patients receiving Althesin was 
18.0 +0.9 (SEM) ug mun 71 kg” ! as total steroid, equivalent to 
13.5+0.7 ug min! kg! as alphaxalone. For nine patients 
receiving minaxolone MIR was 11.0t05ggmun !kg ', 
and for eight patents receiving ICI 35868 51.343.8 ug 
mun 'kg '. There was no evidence of accumulation of any 
of the three drugs as the plasma concentrations remained 
steady between 30 min after starting the infusion, and the 
end of the infusion (range 55-245 min after the start) At the 
minimum infusion rates quoted above the plasma concentra- 
tions of the three 1.y. agents were: alphaxalone 1.9 40.1 ug 
mi” '; minaxolone 0.6+0.05 ug ml li, ICI 35868 1.544 
0.22 ug ml" '. 

Following cessation of the infusions the plasma concen- 
trations of the drugs decayed exponentially with ume and could 
best be fitted to two-compartment models (alphaxalone, ICI 
35 868) or three-compartment kinetic models (minaxolone). 
Recovery of consciousness, assessed by the time from end of 
infusion to opening the eyes to command (1,) or to recalling the 
date of birth (t5) was particularly rapid following infusions of 
ICI 35 868 (t, = 5.040.3 min; t, = 6.9+0.4 min), and de- 
layed - after minaxolone (t, = 34.048 0 min) and Althesin 
D = 26.0+3.0 min). 

These findings can only partly be explained in relation to the 
plasma concentrations of the drugs, and account must be taken 
of the clearance of the drug from the c n.s rather than from the 
plasma. In this respect the fat-soluble drugs Althesin and ICI 
35 868 appear to have marked advantages over the water 
soluble minaxolone. No adverse sequelae have been observed 
following continuous infusions of ICI 35 868 to supplement 
nitrous oxide anaesthesia. 


EFFECTS OF PREMEDICATION AND SPEED OF 
INJECTION ON INDUCTION OF ANAESTHESIA 
WITH ICI 35 868 


G. ROLLY, L. VERSICHELEN AND N ZUBAIR 
Department of Anaesthesiology, Umversity of Ghent, Belgian 


The clinical usefulness of ICI 35 868 (2,6-di-1sopropylphenol) 
as anaesthetic induction agent was examined in a previous 
study (Rolly, Versichelen and Zubair, in preparation). A dose 
of 1.5mgkg”' was found most convenient in 39 non-pre- 
medicated patients. In the present study the usefulness of 
premedication with fentanyl 0.1 mg (F) or without (S = saline) 
and the speed ofi v injection (10 or 20 s) of 1.5 mg kg”! of a 
1% ICI 35 868 solution in 16% Cremophor with water to 
100% given in a fast running saline drip were assessed A total 
of 32 ASA I patients was assigned by randomization to four 
equal groups: Fio F29; S10 S39. The inducton ume, absence 
of eyelash reflex and response to painful sumulus 1 mun after 
start of injection were assessed. Respiratory rare, arterial 
pressure and heart rate were recorded before, and 1, 2 and 
3 min after injecnon. Eventual side-effects were assessed 
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Induction umes were: Pe 39.448.9 (SEM) s; Pa 
45.4 +2.43 Sio: 36.644.7, S59: 44.4+3 1. Eyelash reflex was 
not abolished in 12 patients. Response to painful stimulus was 
absent in three, slight in 19 and gross in 10 of the 32 patients In 
all but the S,, group systolic arterial pressure decreased 
significantly. Heart rate decrease was not statistically signifi- 
cant in any group. Respiratory rate decreased significantly at 
1 min in groups F 29, Sio and Szo, but more in groups S,y and 
S o (difference statistically significant). 

Gross limb movement occurred after injecnon in two 
panents (1 Sie and 1 F, y) and coughing in three patients. Pain 
was noticed during injection 1n four patients (two mild, one 
moderate and one severe). Vein palpation was painful the next 
day in five patients. 


EFFECT OF HYPO- OR HYPERCARBIA ON THE 
NEOSTIGMINE ANTAGONISM OF 
PANCURONIUM-INDUCED NEUROMUSCULAR 
BLOCKADE IN MAN 


T. TAMMISTO, K WIRTAVUORI AND M SALMENPERA 
Department of Anaesthesia, Umversity of Helsinki 


Hypercarbia is known to attenuate the twitch response to nerve 
stimulation during a tubocurarine bleck (Katz and Wolf, 1964). 
Respiratory acidosis has been shown to prevent complete 
antagonism of tubocurarine and pancuronium (Pc) block by 
neostigmine 1n cats (Miller et al , 1975; Miller and Roderick, 
1978). We have studied the influence of moderate hypo- or 
hypercarbia, as occurs in clinical practice, on neostigmine 
antagonism of Pc-induced neuromuscular blockade in man. 
Twenty-one patients undergoing elective surgery lasting 
about 1 h were matched in three groups of seven patents. After 
induction with thiopentone, intubation of the trachea was 
facilitated with suxamethonium 0.7 mg kg” '. Nitrous oxide in 
oxygen and fentanyl were given for maintenance of anaesthesia 
and about 90% twitch suppression of thumb adduction was 
maintained with incremental doses of Pc. The ulnar nerve was 
stimulated with 0.1 Hz supramaximal stimuli of 0.1 ms dura- 
tion via subcutaneous electrodes. In addition to the adduction 
force, the corresponding electromyogram (e.m.g.) of adductor 
pollicis was recorded. Hypo-, normo-, or hypercarbia was 
induced by mechanical IPPV adjusted to produce end-tudal 
carbon dioxide concentration of about 3.5%, 5.5% or 7.5%, 
respectively. Mean Paco, 1n the three groups at the end of the 
procedure were 248, 37.2 and 53.6mm Hg, respectively. 
Towards the end of the operation neostigmine 0.035 mg kg” ' 
and atropine 0.0175 mg kg” ' were given at 90% block. 

The recovery of twitch tension after neosugmine was slower 
in hypercarbic than in normo- and hypocarbic patients (14 min 
as against 8 min to 90%). The recovery times from 75% to 25% 
block correlated with Pago, (r = 0.55, P<0.05) and to pH, 
values (r = 0.47, P<0 05). While 100% twitch was reached in 
hypo- and normocarbic patients, about 10% residual block was 
seen in hypercarbic patients. Fade in train-of-four (2 Hz) at 
recovery to plateau, however, was simular in all three groups 
The recovery of e.m g amphtudes was not different in the three 
groups, 

The results suggest that the opposing effect of hypercarbia on 
neostigmine antagonism of Pc-induced twitch suppression is a 
result of decreased contraculity of the muscle fibres rather than 
a failure of neuromuscular transmission. The clinical signifi- 
cance of the measured depression of contractility induced by 
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shght to moderate hypercarbia for the restitution of adequate 
muscle tone after anaesthesia is questionable. 
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THE USE OF DI-ISOPROPYL PHENOL (ICI 35 868) 
AS THE MAIN ANAESTHETIC AGENT FOR BODY 
SURFACE OPERATIONS 


R. S. J. CLARKE, L. P. BRIGGS AND J. W. DUNDEE 
Department of Anaesthetics, The Queen's Umversity of Belfast, 
N. Ireland 


Di-isopropyl phenol is an 1.v. anaesthetic which has been 
undergoing climcal trials for some years (Kay and Rolly, 1977). 
The drug is sparingly soluble in water and 1s administered 1n a 
solution containing Cremophor EL, though it is hoped that ata 
later date a new formulation may be devised. 

The present studies were designed to determine the op- 
umum induction dose and to assess recovery after intermittent 
administration. D1-isopropy] phenol was given over a period of 
20 s in a dose of 0.5, 1.0, 1.5, 1.75 and 2.0 mg kg” ! to groups 
of patients undergoing minor gynaecological operations. 
Anaesthesia was then maintained with 70% nitrous oxide in 
oxygen and further doses of the i.v. agent as required. Only the 
last two doses consistently produced sleep in all patients. 

Pain was experienced by some pauents, but mainly when the 
drug was given into &mall veins in the back of the hand. Onset 
of anaesthesia was rapid and excitatory effects were rare. The 
reduction in arterial pressure and degree of respiratory depres- 
sion were comparable to that seen after barbiturate anaesthesia. 
Recovery was rapid and appeared to compare with propanidid 
except that vomiting after operation was rare. Thirty patients 
were studied fer 14 days with special reference to venous 
sequelae, which occurred in one. 

In further series of 12 adults of both sexes undergoing body 
surface operations di-isopropyl phenol 2 mg kg! „was given 
with further increments of 20 mg for operations lasting at least 
45 min. Nitrous oxide in oxygen was again used to assist 
maintenance of anaesthesia. The.technique 1s not as satisfactory 
as giving the drug by infusion but it enables assessment of the 
minimum dose requirement. There was little reduction in 
requirement over the period and again recovery was rapid 
when the nitrous oxide was discontinued. 

Di-1sopropyl phenol would appear to have a role both as an 
induction agent, where rapid recovery 18 desired, and for 
infusion techniques 


REFERENCE 
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EVALUATION OF RECOVERY—THE CONCEPT OF 
SYMPTOMATIC PSYCHOSIS ADAPTED FOR 
ANAESTHESIOLOGICAL CONSIDERATIONS 


K H. wers, M. SOLD AND S. LEHRE 
Institut für Anaesthestologie der Universitat Würzburg 
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TABLE I. Recovery after different types of anaesthetics (mean +SD)*P «0.05. NLA = neuroleptanaesthesia; TST = transit syndrome 


test; 0-4 = full 
NLA 
n ‘ 20. 
Duration of anaesthesia (min) ' 182.0456 
Time of awakening (min) 12+ 33 
Time of extubation (mun) .65 1+44.4* 
TST score 
Before operation 2.2+ 1.9 
30 min after operation ` 16.8+ 6.4 
1 h after operation 114+ 5.2 
2h after operation 100+ 4.0 
3 h after operation 8.1+ 3.8 


Symptomatic or function psychosis are non-specific reductions 
of efficiency which may occur in the course of pathological 
brain processes. They constitute a homogeneous, dynamic 
system of syndromes ranging from mild transit syndrome to 
unconsciousness and coma. Quantification 1s possible by means 
of psychopathometric tests developed by Wieck and co- 
workers, the function psychosis scale B test (FPSB) and the 
trarisit syndrome test (TST) (Wieck, 1978). While the FPSB 
covers the whole range of function psychosis, the TST begins 
with moderate consciousness clouding, but 18 able to differen- 
nate more exactly. The aim of the present study was the 
quantitative evaluation of recovery using these bedside tests 

Fifty patients were examined who had undergone tympano- 
plasty. Twenty patents received enflurane and 30 received 
neuroleptanaesthesia, of whom 10 were antagonized with 
naloxone. The anaesthesia was ended 1n strict accordance with 
clinical rules. 

Al three groups showed no differences as to age, sex, body 
weight, IQ-values and duration of anaesthesia. The neurolept- 
anaesthesia groups did not differ stanstically in their drug 
requirement (e.g. diazepam 13.8 and 16.5 mg, fentanyl 1.01 
and 0.94 mg, respectively). However, they needed twice as 
much alcuronium as the enflurane group (14.6 and 7.4 mg 
respectively), which may effect the differing dynamics of 
neuroleptic and inhalation anaesthesia. 

Recovery data are shown in table I. Psychopathometric 
evaluation yielded an obvious decline in the TST scores after 
operation, which clearly remained less than the pre-operative 
values even after 3 h. All the patients revealed a severe transit 
syndrome after 20 min, a moderate syndrome after 1 and 2h 
and mild after 3h. The 'only exceptions were patients 
receiving naloxone who ininally showed a brief im- 
provement, but who afterwards did not behave better. The 
least favourable results occurred when neuroleptanaesthesia 
was not antagonized; the first TST values could only be 
obtained in patients in whom the tracheal tube had been 
removed: the real TST scores for 30 min and for 1h are 
probably considerably worse in these patients. Correlation 
analysis of the data in this group strongly supports the clinical 
experience that the time of awakening depends on when the 
supply of nitrous oxide is ended, whereas the time of extubanon 
18 essentially determined by the time of the last fentanyl dose 
administered. 
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mental acuity 
NLA + naloxone Enflurane 
10 20 

172 0+61 179.0+48 
1.14 4.5 73+ 6.3* 
5.5+ 3.5 69+ 6.8 
18+ 1.4 24+ 2.9 
12.9+ 3.8* 16.9+ 38 
9.9+ 3.0 10.8+ 4.0 
94+ 3.0 8.6+ 2.7 
8.9+ 3.0 714 2.8 


PRO INDICES FOR EVALUATION OF DEPTH OF 


ANAESTHESIA: THE MEDIAN OF FREQUENCY 
DISTRIBUTION 


H STOECKEL, H. SCHWILDEN, P. LAUVEN AND H ScHÜTTLER 
Institut fur Anásthesrologre der Universitat Bonn 


Vegetative parameters are of limited value in evaluanng depth 

of anaesthesia. The e.e.g. reflects the action of anaesthetics on 

the c.n.s. and offers the possibility of assessing the man 
pharmacological effect. In 48 cases (40 patients, eight volun- 
teers) the e.e.g. was recorded on magnetic tape during anaes- 
thesia for further off-line analysis. Etomidate, enflurane— 
nitrous oxide, fentanyl—nitrous oxide or etomidate-fentanyl 
were administered continuously. 

We calculated. 

(1) the power spectrum between 0.5 Hz and 32 Hz; 

(2) the mean amplitude, defined as the standard deviauon of 
the e.e g. amplitude; 

(3) the proportion of total activity in the frequency bands: 
0.5-2 Hz, 2-5 Hz, 5-8 Hz, 8-13 Hz, 13-32 Hz; 

(4) the alpha-delta-index and the beta-delta-index defined as 
the ratio of activity in the bands 13-32 Hz and 0.5-5 Hz, 

(5) the median of the power spectrum regarded as a frequency 
distribution. 

The main results were: 

(1) Several indices suited an examination of the depth of 
anaesthesia. 

(2) The low-frequency band 0.5 Hz-2 Hz should not be neg- 
lected in spectral analysis; ıt may account for 60% of total 
activity during deep anaesthesia. 

(3) The mean amplitude and other related amplitude measures 
are less suited because of variation between subjects. : 

(4) The median of frequency distribunon proved to be the 
most stable index with good sensitivity to alternating states 
of ansesthesia. In all cases anaesthesia of moderate depth 
was characterized by a median less than 5 Hz 

6) The median does not reflect too deep anaesthesia with 
sufficient reliability as indicated by the appearance of burst 
suppressions. However, on the one hand too deep anaes- 

-thesia may be avoided by using dose regimens based on 
pharmacokinetic data; on the other hand burst suppressions 
are simple easily recognized patterns. 
The median of frequency distribution combined with 
pattern recognition methods may be well suited for computer 
aided control of anaesthesia. 
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POSTER DEMONSTRATIONS 


INJECTABLE BENZODIAZEPINES IN 
ANAESTHESIA 


J. W. DUNDE AND J. A. S. GAMBLE 
Department of Anaesthetics, The Queen's Umversity of Belfast, 
Northern Ireland 


In general the benzodiazepines are poorly soluble in water and 
most of them are taken by mouth as tranquillizers, sedatives or 
hypnotics, However, organic solvents and lipophilic agents 
have been used to prepare solutions with varying degrees of 
success. Chlordiazepoxide (Librium) 1s soluble in water, but 
forms an unstable solution and requires large volumes. 

Diazepam i$ generally dissolved in organic solvents, but the 
solution 1s viscid, painful on ım. and iv. injection, and is 
frequently followed by venous thrombosis. Absorption from 
im sites is poor. Án alternative preparation made up in 
cremophor caused a high frequency of anaphylactic reactions. 
The latest preparation in Intralipid causes severe pain on the 
day following i.m. injection. After i.m injection we did not find 
such high plasma concentrations as after the normal solution. 

Metabolism to a long-acting active hypnotic (nordiazepam) 
18 a major disadvantage of diazepam. This does not occur with 
either flunitrazepam or lorazepam, both of which are soluble in 
water. Although flunitrazepam has many advantages over 
diazepam, its commercial use 18 limited to continental Burope 
and Canada A delayed onset of action is the main disadvantage 
of lorazepam, but it 1s a useful drug to produce a prolonged 
period of light sedation 

Hopes are high that the new water soluble compound 
midazolam will compete with thiopentone as an 1.v. 1nduction 
agent (Sarnquist et al., 1980), but our findings are disappoint- 
ing in this respect. Like diazepam, there 1s a wide individual 
variation in response The suggested “induction” dose is 
0.3 mg kg! but even after 0.5 mg kg”! not every patient is 
asleep 5 mun after 1.v. injection. We found it to have a shorter 
half-life than diazepam and did not detect an appreciable 
“second peak" effect (Dundee etal., 1980). Venous thrombosis, 
although infrequent, does occur following its use, but 1.m. 
injection 1s not painful. Midazolam 1s worth a detailed study as 
a “Light hypnotic” esther alone, or with analgesics. This use 18 
more likely than as an induction agent. 
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A DOSE-RESPONSE RELATIONSHIP, AND 
CUMULATION STUDIES OF DIPRIVAN (ICI 35 868) 


B. Kay and H. ADAM 
Unversity of Manchester 


In a double-blind invesmgation of 100 unpremedicated 
patients, a dose-response relationship for Diprivan was deter- 
mined, and compared with methohexitone. The patients were 
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divided randomly into five groups of 20; three groups received 
Diprivan 1, 2 and 3 mg ke ! respectively, and two methohexi- 
tone 1 or 2 mg kg” !. Injection was over 20 s and the ensuing 
duration of sleep measured. Samples were taken to determine 
the decay of Diprivan blood concentrations after injection, and 
a mean blood concentration at which waking occurs. 
Methohexitone and Diprivan were equipotent at approxi- 
mately 1.5 mg xg” ', with similar effects over the clinical range 
of 12 mg kg" '. Diprivan disappeared very rapidly from the 
blood according to a two-compartment model, with a very rapid 
initial redistribution phase and a slower elimination phase. 

Compared with methohexitone, Diprivan provided a much 
smoother induction of sleep, with fewer side-effects. 

In another investigation, sleep was induced by Diprivan 
lmgkg ! and maintained by a similar injecton whenever 
waking occurred, blood concentrations being determined at 
waking times. After the initial "induction" phase littleevidence 
of accumulation was found, a dose of approximately 1 ug kg”? 
being necessary to maintain sleep. 


STUDIES ON BLOOD CONCENTRATIONS AFTER 
SPINAL AND EXTRADURAL ADMINISTRATION 
OF MORPHINE FOR THE TREATMENT OF 
CHRONIC AND ACUTE PAIN 


W. Dick, B. KossMAN AND A. DRIESSEN 

Center for Anesthesiology, Umversity of Ulm 

In a group of patients, most of whom had chronic pain because 
of carcinoma, we studied the effects of eather intrathecal or 
extradural administration of morphine on the duration of 
analgesia, the respiratory frequency, minute ventilation and 
blood-gases and the blood concentration and urinary excretion 
of morphine. The blood and urine were also examined in 
patients in whom morphine was administered for postoperative 
pain relief or for pain relief 1n labour. 

Effective pain relief could be obtained in a high percentage of 
patients up to 24 and 72 h 1n patients with chronic pain or 
between 2 and 72 h after operation. 

'There were no cardiovascular side-effects, but minute venn- 
lation decreased up to 2 h after morphine administration and 
arterial Pco, increased. 

After spinal administration the blood concentrations of 
morphine were almost negligible; extradural administration 
produced concentrations comparable to those following 1.v. 
administration of the same dose. 


EFFECTS OF CONTROLLED HYPOTENSION 
UNDER NITROPRUSSIDE AND FLUOTHANE, ON 
THE RENIN-ALDOSTERONE SYSTEM 


J. L. ARROYO, R P. REINER, M. CEBRIAN, F. CARRASCOSA 
AND A. BERBIELA 

Departamento de Anestesia y  Reammacion, Clinica 
Universitaria, Facultad de Medicina, Universidad de Navarra 


. lation with oxygen in 50% 
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We studied 24 patients with no previous disease divided into 
two similar groups, undergoing orthopaedic surgery of the 
limbs with a standard anaesthetic technique (thiopentone, 
pancuronium and morphine in divided doses; artificial venti- 
nitrous oxide). In group I, 10 min 
after incision halothane (1-3%) was administered, until a 
systolic pressure of 75-85 mm Hg was obtained and this was 
maintained for 30 min. In group II a similar degree and 
duration of hypotension was produced with sodium mitro- 
prusside. Plasma renin activity (PRA), aldosterone (PA), 
ACTH, cortisol, Na”, K*, creatinine and osmotic pressure, 
were determined in both groups under basal conditions, at 
10 min after incision, every 10 min throughout the period of 
hypotension, 30 min after 1t ended and 6h after operation. 
Unnary Na*, Kt, creatinine and osmonc pressure were 
assessed also. There was a significant increase (P<0.01), of 

mean PRA 1n both groups, although more pronounced in group 
` I (10.243.1 v. 8.142.2ngml~'h7! im groups I and II 
respectively). 

A greater increase of the PA was observed in group I 
(238481 and 292496 pg mi”? in groups I and II respect- 
ively). The values of ACTH and cortisol were slightly in- 
creased in group II. The persistence of high concentrations of 
PRA 30 mun after the period of hypotension had ended suggests 
the activity of the macula densa 1n increasing the secretion of 
renin, x \ 
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EXPERIMENTAL UNILATERAL LUNG FLOODING. 
A MORPHOLOGICAL AND ULTRASTRUCTURAL 
STUDY 





V. CHULIA Campos, A. LLOMBART-BOSCH, A, PEYDRO-OLAYA, 
M. Lusnó AND F. J. BELDA 

Hospital Clinico Universitario de Valencia, Spain 

In two groups of seven dogs (average weight 20 kg), the lungs 
were filled with 2 ml kg” 1 of fluid (1/5 of tidal volume), after 
general anaesthesia with hexobarbitone 30 mg kg” ' and tra- 
cheobronchial intubation with a Carlens modified tube. The 
fluids used were Mediterranean sea water and swimming-pool 
water. The technique for introduction of the fluid was identical 
in the two series: right main bronchus was intubated and the 
fluid instilled. Thirty minutes later, the tube was removed. 
With this model the local effects of the liquid could be 
disunguished from those of acute hypoxia. 

Twenty-four hours later, and without treatment, the dogs 
were sacrificed and biopsies of right and left lung performed. A 
clear difference was found between the swimming-pool water 
(vascular congestion, rupture of vessels, ruptured septa and 
haemorrhage) and the sea water (vascular congestion and acute 
inflammation, thickening and massive emigration of leucocytes 
and macrophages, and occasional alveolar oedema and 
haemorrhage). 





















It is in the best interests of both patient and nursing staff that 
everything possible is done to prevent pressure sores. Patients are 
most vulnerable whilst on the operating table. 

Thoughtful design has ensured that the Hawksley Ripple Units 
can be simply and quickly operated, to provide relief to pressure 
areas during long surgical or intensive care procedures. 
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THE RIPPLE COOL + Sa 
HEAT € 


The Hawksley Ripple Cool + 
Heat Unit is invaluable when 
cooling techniques are required. 
The Unit will heat/cool and 
ripple, relieving pressure, while 
controlling temperature within a 
range of 10° C. to 39° C. 


THE RIPPLE HEAT 
The Hawksley Ripple Heat 
Unit relieves pressure and 
controls loss of temperature. 
The same unit continues to 
provide care when the patient 
returns to the ward. 





m" Contact us in Lancing, we wil! be 
happy to arrange a 
demonstration. 


HAWKSLEY & 12 perer ROAD 
LANCING SUSSEX BN15 8TH 
SONS LTD. TEL. 09063 2815 
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"Althesin appears to be an excellent induction 
agent."! 


Althesin provides a rapid and pleasant recovery 
with a low incidence of hangover.! 


Patient acceptance is high and the incidence 
y of nausea and vomiting is low.? 


“Patients from morning lists are quite 
` able to have a full lunch, which they 
‘ could not have done with any 

t barbiturate.'* 


A 1. Canadian Anaesthetic Society Journal 
(1975) 5,601 
2. British Journal of Anaesthesia (1971) 
43, 947 
3. Postgraduate Medical Journal (June 
suppl.) (1972) 48, 111 


Glaxo 


Glaxo Laboratories Limited 
Greenford, Middlesex 
UB6 OHE 


Althesin is a Glaxo 
trade mark 


Pro Ter ` " 
Uses 

Induction of ansesthes:a 

Maintenance of anaestnesia 

Experience is insufficient ai presen advocate 
use ol Althesin in infants under one year, ir 
patients with hepatic dysiunctior or 
maintenance of anaesthesia in obstetrics 
Dosage and administration 

As usual, it is recommended that patients should 
fast before receiving Althesir 


The usual intravenous dose o! Althe for bot 
children and adults i$ betwee ni and 
0:075m! per kilogram bodywegt e, half tc 


three-quarters o! a muililitre per 10ky 
Younger children usually require tho higher dose 
and may need 0- 075ml/kg bodyweighi Althesin 
should be injected slowly: talong no ess than 30 
seconds, as this promotes smoot 
Aithesin has negligible ansige 








Contra-indications 

Previous adverse reactions to Àlthe 
Hepatic failure 

Precautions 


Like other anaesthetics, Althesin uld only be 
used in the presence ol an experiences 
anaesthetist, and resuscitative pment should 
be immediately available The + y! severe 
reactions (see below) may be higher «^ patients 
with a personal or family history c opy. Since 
Althesin produces relaxation of the jaw muscles 
the jaw requires support to prevent obstruction of 
the airway. Concurrent use of other depressants of 
the central nervous system muy ecovery ot 
full consciousness, and recovery from anaesthesia 
should, as always. be assessed caretully before 
allowing out:patients to go home esume normal 
activities, The effects of Allnesin ere ely to be 
prolonged in patients with impaired iver function 
Animal experiments show no evidence of 
teratogenicity, but Althesin should be used wilh 
caution m pregnancy 

Side elfects 

Minor side-ettects may include t flush and 
muscle twitching. the latter occurring more often ir 
patients given hyoscine alone a: premedication 
There is a possibility of generalised convulsions, and 
of cardiac arrhythmias in patients mitantiy 
treated with muscle relaxants Short periods of 
coughing, hiccoughing, salvation, laryngospusm of 
shivering may occur, particularly m ashocation with 
light anaesthesia or rapid inection 

Mild euphoria or depression sometimes occur 
during recovery from Althesir anaesthepa Post 
operative nausea and vomiting are olrequent 
There have been occasional reports o! more 
severe reactions. Bronchospasm andor à marked 
dropin blood pressure may be preceded oy b 
generalised flushing of deep red or purplah 
colour, and foliowed by some oedema of lips and 
eyelids Such reactions may regu eatment 
with pure oxygen, intravenou sreroxds and 
plasma expanders 











If serious respiratory depresso 

respiration should be supported ne-amcally The 
margin of safety 6 wide, and or fou 
times the minimum sieep dose, has been grven às a 
single dose without serious efect | 
Packs 

Ceramically-printed 5 or 10mi ampoules m boxes l 
of 10 ampoules 





Product Licence number 4 
Recommended price (ex 


10x5m £10 A x1 
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Engstrom Emma 


MEASURES VOLATILE ANAESTHETICS ... 
BREATH - BY - BREATH 





Measures Anywhere in the Patient Circuit 
ENGSTROM EMMA is an on-line, 
breath-by-breath, monitor for Halothane, 
Enflurane, Methoxyflurane, Trichloroethylene, or 
Isoflurane. It measures quickly and accurately 


regularly check your vaporizer - just connec 
EMMA to the vaporizer output and compar: 
EMMA: reading, with the vaporizer setting 
During anaesthesia, EMMA's alarm will giv 
immediate warning of any significant chang 


anywhere in the patient circuit. By placing 
the measuring transducer between the 
Y-piece and the patient, you can directly 


monitor end-tidal values during all phases of 


the anaesthesia. If required, a recorder may 
be connected and a complete record of the 
anaesthesia obtained. 

Measures Even in Totally Closed Circuits 


ENGSTRÓM EMMA also measures in all 


types of circuit. By using EMMA, you can 
accurately determine the actual concentra- 
tion that the patient is getting, even in 
a totally-closed rebreathing circuit. 
Checks Your Vaporizer 

ENGSTROM EMMA can be used to 


in the vaporizer output. 

These are some of the reasons why we art 
proud of our new ENGSTROM EMMA 
There are many more. For a demonstratio: 
and more information, contact vour nearest 
Engstróm — a 


ENESTAM <= 


Engstróm Medical AB, 


Box 20109, S-161 20 h ^A 
Bromma. Sweden P g 
> a e 
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ENGSTROM EMMA - the Engstróm Multigas Monitor for Anaesthesia 


Perhaps you think some of our 
equipment looks a bit dated? 


me 


The range of medical systems and products 
from Medishield is now wider and more 
advanced than it has ever been. You only 
have to look at the illustration to see how 
modern-minded we are. 


All the same, you are no doubt familiar 
with BOC Medishield appliances that have 
been around for years and years. The 
reason is simple: Medishield products — 
whether for anaesthesia, paediatrics, 
inhalation therapy, or the needs of 
immediate care units — are built to 
withstand the wear and tear 

of constant use for a very long 

time indeed. 

In other words, they are built 

to give you the maximum 





| a 


value for your budget. And, in addition, 
there is that incomparable nationwide 
servicing set-up, always ready to support 
the hospital engineer with preventive or 
immediate maintenance. 

What's more, we can promise delivery of 
virtually any item in our entire range 
either from stock of within a guaranteed 
period — at the price current at the time of 
ordering. 

For lasting satisfaction, then, how wise 
you are to make it Medishield. 


BOC Medishield, 
Elizabeth Way, 

Harlow, Essex CM19 5AB 
Telephone: 0279 442 001 


Medishield — here for life! 


New CO, and 0, monitor 


DATEX NORMOCAP 
CO, & O, MONITOR 


DATEX NORMOCAP 
RECORDER 















St. Boniface General Hospital, an 800-bed teaching hospital 
affiliated with The University of Manitoba, requires a certified (or 
eligible) anaesthetist interested in tertiary care level of service. 
Cardiovascular, neurosurgical, and obstetrical anesthesia are prom- 
inent features. 

Opportunities for research and teaching are available. Attractive 
income, call schedule, and vacation time offered. Please send qualifi- 
cations and curriculum vitae to: 
















Dr. J. D. Culligan 
Head 
Department of Anaesthesia 
St. Boniface General Hospital 
409 Tache Avenue 

Winnipeg, Manitoba R2H 2A6 








THE SOCIETY OF ANAESTHETIC 
LABORATORY TECHNICIANS 








SPRING SCIENTIFIC AND GENERAL MEETING 


Queen's University, Belfast March 27-28, 1981 


Further details: Mr Peter Howard, 
Department of Anaesthetics, 
Whitla Medical Building, 
97, Lisburn Road, 
Belfast BT9 7BL, 
Northern Ireland. 
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The Second Generation of 
TRIcoMED 
Anaesthesia Apparatus 


Continuing their reputation for quality and practica 
robust design, Tricomed introduce a new range 
anaesthetic machines: The Tricomed Europa for basi 
theatre use and the Tricomed Compact, a flexible unit 
for portable use and minor anaesthetic stations 


 TRIcoMED 
Europa 


TRIcoMED 
Compact 
Mobile 


TRIcoMED 
Compact 
Portable 


For further de- 
tails of both 
models and 
Tricomed's com- 
prehensive range 
of accessories 
and anaesthesia 
ventilators please 
write to 





TRICOMED ume 


5-7 Sydenham Road, London SE26@ Tel. 01-778 11650 Telex 8955141 TRIMED 
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Viarcain 
extends the frontiers 


of local analgesia 


Marcain has been shown to LONG-ACTING 


produce a high incidence of | - 
successful blocks, rapid onset arcain 
of action, and remarkably low bupivacaine hydrochloride BP 
systemic toxicity when used for 
intravenous regional analgesia. 
Please write for a copy of our 
information leaflet. 





Throughout lite 
SUDDOFt.. 


dede 


Whatever the situation - in intensive care, 


Portex Limited, 
theatre, for routine intubation or in an Hythe, Kent CT21 6JL ENGLAND 


emergency - only Portex can provide the m £r sapete 60551 a 
most advanced design of low-pressure piak: abies Fortex Mythe Tey 
cuffed tube - PROFILE Also in France, USA & Canada 








GUIDE TO CONTRIBUTORS 


The purpose of the British Journal of Anaesthesia 
is the publication of original work in all branches 
of anaesthesia, including the application of basic 
sciences. T'wo issues each year deal mainly with 
material of postgraduate educational value. 


PAPERS 


Papers submitted must not have been published in 
whole or in part in any other journal, and are 
subject to editorial revision. It is a condition of 
acceptance for publication that copyright becomes 
vested in the journal and permission to republish 
must be obtained from the publishers. 

Papers based on clinical investigation should 
conform to ethical standards as set out in the 
Declaration of Helsinki. In the case of animal 
studies it is the responsibility of the author to 
satisfy the Board that no unnecessary suffering has 
been inflicted. 


LEGAL CONSIDERATIONS 


Authors should avoid the use of names, initials and 
hospital numbers which might lead to recognition 
of a patient. A patient must not be recognizable in 
photographs unless written consent of the subject 
has been obtained. A table or illustration that has 
been published elsewhere should be accompanied 
by a statement that permission for reproduction 
has been obtained from the author and publishers. 


PREPARATION OF MANUSCRIPT 


Two copies of each manuscript should be submit- 
ted and should indicate the title of the paper, the 
name(s), qualifications and full addresses) of the 
author(s), and bein double-spaced typing on one 
side only of the paper, with a wide margin. 
Contributors should retain a copy in order to 
check proofs and in case of loss. 

Manuscripts should be accompanied by a formal 
letter of request for publication which should be 
signed by all of the authors. 

Papers in recent issues of the British Tournal of 
Anaesthesia should be consulted for general and 
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detailed presentation. They are most often sub- 
divided into: 
Title page 
Summary 
Introduction (not headed) 
Methods 
Results 
Discussion 
Acknowledgements 
List of references 
Tables 
Illustrations 


Title page 

There should be a separate title page, including 
the name(s), degrees and address(es) of author(s). 
It should be made clear which address relates to 
which author. Authors’ present addresses differing 
from those at which the work was carried out, or 
special instructions concerning the address for 
correspondence, should be given as a footnote on 
the title page and referenced at the appropriate 
place in the author list by superscript symbols. If 
the address to which proofs should be sent is not 
that of the first-mentioned author, clear instruc- 
tions should be given in a covering note and not on 
the title page. The title page should be paginated as 
page 1 of the paper.: 

A short running title containing not more than 
50 characters and spaces should also be suggested. 


Summary 

The summary will be printed at the beginning of 
the paper. It should be on a separate sheet, in the 
form of a single paragraph which gives a succinct 
account of the problem, the methods, results and 
conclusions, and normally should be of 50-150 
words. It may be used as it stands by abstracting 
journals. 


Introduction 

The introduction should give a concise account 
of the background of the problem and the object of 
the investigation. Previous work should be quoted 
only if it has a direct bearing on the present 
problem. 
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Methods 

Methods must be described in sufficient detail 
to allow the experiments to be interpreted and 
repeated by the reader. Any modification of pre- 
viously published methods should be described 
and the reference given. If the methods are com- 
monly used, only a reference to the original source 
is required. 


Drugs 

When a drug is first mentioned it should be 
given the generic or official name, followed in 
parentheses by the chemical formula only if the 
structure is not well known, and by the capitalized 
proprietary name. 


Results 

Description of experimental results, while con- 
cise, should permit repetition of the experiments 
by others. Data should not be repeated unneces- 
sarily in text, tables and figures, and unwarranted 
numbers of digits should be avoided. Significance 
should be given as values of probability. The 
desired positions of tables and figures may be 
indicated by written instructions enclosed within 
lines and brackets, for example: 


(TABLE III near here) 


Discussion 

The discussion should not merely recapitulate 
the experimental results, but should present their 
interpretation against the background of existing 
knowledge. It should include a statement of any 
assumptions on which conclusions are based. 


Acknowledgements 

Acknowledgements will be printed in small 
type. They should be brief, and should include 
reference to sources of support and sources of 
drugs not freely available commercially. 


References 

There should be a table of references at the 
conclusion of the paper. These references should 
be arranged according to the Harvard system and 
in alphabetical order. In the text, the year of 
publication must follow the author’s name, more 
than one paper in any year being indicated by a 
Xu 








small letter (a, b, c,) after the date. In the re- 
ferences, the order should be author's name, 
followed by initials; year of publication in par- 
entheses; title of paper to which reference is made; 
title of publication underlined with a single line (to 
indicate italics) and abbreviated in accordance 
with Cumulative Index Medicus; volume number 
in arabic numerals, underlined with a wavy line (to 
indicate bold face); the number of the first page in 
arabic numbers; thus Clarke, M., Evans, D. W., 
and Milstein, B. B. (1971). Long-term pacing with 
an inductive coupling system. Br. Heart 7., 33, 65. 

In the case of books, the reference should be as 
follows: name of author and initials; year of 
publication in parentheses; title of book, under- 
lined; number of edition; page number; town of 
origin, publisher; for example: Hill, D. W. (1971). 
Physics Applied to Anaesthesia, 2nd edn, p. 212. 
London: Butterworths. 

The British Journal of Anaesthesia should be 
referred to as Br. J. Anaesth. 

In the text up to three authors should be named 
before the use of"... et al.". If reference is made 
to several publications during a particular year, 
written by a larger group of authors who have 
alternated the order of authorship, as many names 
must be written as are necessary to distinguish 
between the publications, before use of **. . . etal.” 
in conjuction with the year suffixes a, b, c. 

Text references to “unpublished observations" 
or "personal communications" should not be 
included in the final list of references. Authors are 
responsible for verifying that the wording of 
references to unpublished work is approved by the 
persons concerned. Papers which have been sub- 
mitted and accepted for publication should be 
included in the list, the phrase “(in press)" replac- 
ing volume and page number. 

It is essential that authors verify the content and 
details of references which they list, as this res- 
ponsibility cannot be accepted by either Editors or 
Publishers. 


Tables 

All tables should be on separate sheets and be 
capable, with their captions, of interpretation 
without reference to the text. They should be 
numbered consecutively with roman numerals. 
Units in which results are expressed should be 
given in brackets at the top of each column, and not 
repeated on each line of the table. Ditto signs are 
not used. 


Balanced anaesthesia? i 


Analgesia can often be the least 
onsidered component of anaesthesia. 

Sublimaze* (fentanyl) offers rapid 
nset of action, a wide safety margin 
nd predictable duration of effect from 
single injection- providing profound 
nalgesia both during and after surgery. 

Sleep, musde relaxation and 
nalgesia - the cornerstones of 


jalanced anaesthesia. 


TRADEMARK 


SUBLIMA ZE 


fentanyl 


he versatile analgesic. 


PRESCRIBING INFORMATION 
Uses Low doses for analgesia in short 
surgical procedures. Higher doses as 
analgesic / respiratory depressant with 
assisted ventilation. With a neuroleptic, in 
neuroleptanalgesia. 
Dosage and Administration Sublimaze* 
by the intravenous route may be admin- 
istered to adults and children as follows:- 
rri respiration: adults: 

200ug then 50ug as required. Children: 
3-5ug/kg then 1ug/kg as required. 
Assisted ventilation: adults: 300-3500ug 
then 100-200ug as required. Children: 
15-50ug/kg then 1-3ug/kg as required. 
Doses over 2009 are for use only in 
anaesthesia. As a premedicant, 50- 100ug 
Sublimaze" may be given intramuscularly 
45 minutes before induction of 
anaesthesia. 


Contra-indications Respiratory 
depression; obstructive airways disease. 
Concurrent administration with MAOIs or 
within 2 weeks of discontinuation of them. 
Warnings A transient fall in blood 
pressure may occur after i.v. administra- 
tion of Sublimaze" . 

Side effects/Overdosage Doses over 
200ug cause significant respiratory 
depression; reversed by naloxone 
0.1-0.2mg. Bradycardia may be antagon- 
ised by atropine; muscular rigidity by 
muscle relaxants, An additive effect may 
be seen with concomitant use of other 
narcotics or CNS depressant drugs. 
Nausea, vomiting, tolerance and depen 
dence may occur. 

Precautions Myasthenia gravis. Reduce 
dosage in the elderly, hypothyroidism and 
chronic hepatic disease. Use in labour may 


cause respiratory depression in the neonate 
Pregnancy Little human evidence, n 
adverse animal effects. 

Legal category POM MDA 

PL No. 0242/500) R 

Package quantities Sublimaze* is 
supplied in 2 mi or 10 mi ampoules in 
packs of 10. Each mi contains 0,05mg 
fentanyl 

Basic NHS cost 2 mi x 10 £4.19 

10 mi x 10 £17.03 


*Sublimaze is a registered trademark 


For further information contact 

Anaesthetists Information Service 

Janssen Pharmaceutical Limited. 
Janssen House, 


A Fiesta 


c5) Marlow, 
Bucks 








Illustrations 

Photographs should be unmounted glossy 
prints, and should be protected adequately for 
mailing. Surfaces should not be marred with clips, 
pins or by heavy writing on the back. Drawings, 
charts and graphs should be in black india ink on 
white paper. Illustrations should be clearly num- 
bered on the back, preferably in soft pencil, with 
reference to the text, and using arabic numerals. 
They should be accompanied on a separate sheet 
by a suitable legend. Lettering should be 
professional-looking, uniform, preferably in a 
common typeface, large enough to read at a 
reduced size, and in proportion to the illustrated 
material. Lines in the original must also be thick 
enough to allow for reduction. Magnifications, 
especially in photomicrographs, should be in- 
dicated by a scale on the photograph itself, in order 
to remain appropriate after reduction. Symbols 
which are to appear in the legend should be chosen 
from the following available types: 


€ o E O v V A ^ € o © 
a 0 e © 9 96 o W E Æ x + 


The name of the author and title of the paper 
should also be written in soft pencil on the back of 
the illustrations. 

It is emphasized that care taken in the original 
preparation of figures will obviate the time- 
consuming and expensive necessity of their 
revision. 


General information 

Instructions to the printer. Words to be printed in 
lower-case italics should be indicated by one 
underline. Two underlines indicate small capitals, 
three indicate large capitals and four, italic 

capitals. A wavy underline indicates a word to be 

printed in bold type. 

Headings in the text. Six possible grades are 
available: 


l. PART I (capitals) 
2; RESULTS (small capitals) 
3. Blood-gas analysis (l.c. roman) 


xiv 


4. The action of drugs(italics, centre) 
5. Lung function studies (italics, full out) 
6. Volume. Large volumes. . (italics, indent) 


Symbols and Abbreviations. 1n accordance with 
Editorial adoption of SI Units, abbreviations and 
symbols should follow the conventions described 
in the booklet “Units, Symbols and Abbrev- 
iations. A Guide for Biological and Medical 
Editors and Authors" (ed. G. Ellis), published by 
and available from The Royal Society of Medicine, 
1 Wimpole Street, London, W1M 8AE. Words for 
which abbreviations are not included should be 
written in full at first mention in the summary and 
again in the text and followed by the abbreviation | 
in brackets. This will usually be in the form of 
large capitals without separating points. i 

Spelling, etc. British spelling should be used 
with “2” rather than “s” spelling in, e.g. organize, 
organization. 


CORRESPONDENCE 


It is proposed that a proportion of the Journal be 
devoted to correspondence each month. Every 
effort will be made to ensure that correspondence 
arising from papers in a recent issue is published 
without delay, and for this reason, relevant 
correspondence will be given priority over that 
pertaining to original research. Authors of cor- 
respondence concerning original work will receive 
proofs at the Editor’s discretion. 


PROOFS 


These should be corrected and returned to the 
sub-editor within 48 hours of receipt. Overseas 
contributors should return their proofs by airmail. 


REPRINTS 


Twenty-five reprints of articles will be dispatched 
to the authors after publication. Further reprints 
can be supplied if application is made on the order 
form attached to the proofs. The order form 
should be returned with the proofs. 





D. A. Buxton Hopkin, London 


Hazards and 
Errors in 
Anaesthesia 
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Hazards and Errors in Anaesthesia is a survey 
of the difficulties, dangers and unfamiliar prob- 
lems the anaesthetist may encounter in his 
work. It is based on the author's more than 40 
years experience as a teacher and practitioner 
in both developing and sophisticated environ- 
ments and includes a number of topics not 
covered in standard textbooks, such as 


— the care of apparatus 

— the dangers of faulty maintenance 

— fire and explosion hazards in the operating 
theatre 

— medico-legal problems 

— ethical problems in intensive care and 
transplantation 


Some of the views contained in this presen- 
tation — notably those on shock, blood 
pressure and obstetrical anaesthesia — may be 
considered unconventional in some circles. All 
the views, however, are backed up by strong 
theoretical support and clinical experience. 
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Two orthopaedic surgeons with long 
experience of the surgical management of 
rheumatoid disease present in this book an 
authoritative and balanced account of their 
approach to this difficult affliction. Among the 
topics covered are the history, aetiologv. 
pathology and investigation of rheumatoid 
disease, and the role that surgery has to play in 
its management. The place of the rheumatoid 
patient in the family is also discussed. 


The role of conservative surgical management 
is emphasised and placed in proper 
perspective in relation to the more radical 
surgery of prosthetic replacement. Prime 
consideration is given at all times to the needs 
and interests of the individual patient. 
Throughout the book much previously 
unpublished material is presented, both from, 
the authors’ work and from that of clinicians in 
Europe and America. 

More than 500 illustrations of the highest 
quality are included in this book. 
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EDITORIAL 


METABOLISM AND ANAESTHESIA 


Anaesthetists need to be able to assess and look after 
many aspects of the functions of their patients. 
Obviously, initially, the provision of good anaes- 
thesia is essential with the selection of techniques 
appropriate for the patient, the operation and the 
surgeon. In association with this, maintenance of 
the oxygenation of the arterial blood and of a 
sufficient cardiac output should ensure that tissue 
hypoxia does not occur. In the past 20 years 
considerable work has led to a better understand- 
ing of the applied respiratory and circulatory 
physiology and pharmacology of anaesthesia. 
What is becoming obvious is that many of our 
techniques and drugs act not only directly on 
organs such as the heart, but also on the neural and 
endocrine systems that control the heart. Further, 
itis apparent that there are a number of controlling 
mechanisms. . 

Delivery of an adequate supply of oxygenated 
blood is not sufficient in itself to maintain function. 
In the short term it may be the most important 
activity and anaesthetists know the consequences 
of 3 or 4 minutes of cardiac arrest only too well. In 
the longer term it is equally important to look at 
what the tissues do with the oxygen. Put simply, 
the oxygen is used to burn substrates such as 
carbohydrates, fats and proteins to provide the 
energy necessary to maintain body temperature 
and to maintain intracellular ATP concentrations 
so that the cellular, tissue and organ function may 
be maintained. 

This supply of substrate for energy production 
is as necessary as that of oxygen. Some cells have 
reserves of possible substrates—some such as 
adipocytes act as stores for the body. Some need a 
more continuous supply. The resources available 


to the body are summarized in table I of Stanley's 
first paper in this issue; the average man has some 
125000 kcal of reserve available and a normal 
daily intake of the order of 2% of that reserve. The 
majority is in the form of triglycerides im fatty 
tissue (80%) and most of the rest is in the proteins 
in muscle. Less than 1% is in the form of 
carbohydrates as either glycogen or glucose. 
Obviously, such a structurally diverse set of stores 
must be controlled in ways which ensure that those 
cells requiring substrates receive them in appro- 
priate amounts. Control is also necessary, for most 
of us take in our energy sources intermittently, 
rather than continuously, and also in forms not 
always matching the tissue needs. Further, with a 
reasonably large store it is possible to cope with 
starvation and the generalized metabolic response 
to trauma. 

The biochemical pathways involved in trans- 
forming carbohydrates, fats and proteins into 
ATP are now well established. Those wishing fora 
clear, precise, illustrated account of these to re- 
fresh their memories will find Stryer’s textbook an 
excellent source (Stryer,1981). In this issue the 
first four papers are devoted to summarizing the 
state of knowledge as to how these metabolic 
pathways are controlled and integrated to match 
supply with demand in the normal subject and in 
starvation. Further details of the biochemical 
mechanisms of regulation will be found in News- 
holme and Start (1973). 

The effects of anaesthesia and surgery on meta- 
bolism and metabolic regulation are complex. 
With knowledge and with increasing skill it is 
possible to modify or abolish some of the normal 
reactions to injury. Traynor and Hall end their 








œR 


review by posing an important question: how can 


< we modify these responses and are they necessary? 


To be injured and without aids such as blood 


pU volume replacement, attention to lung function, 
.. the prevention of pain and the provision of nutri- 


tion (with insulin if need be) is a different proposi- 
tion than being in an environment where these 

facilities are available. 
` The final two papers deal with more practical 
matters. In the first, Goode looks at the problem of 
who needs nutritional support and how the need 
«should be assessed. Quantitation is now possible. 
In the second, Powell-Tuck describes the prin- 
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ciples underlying current practice and shows how 
refinements in technique are adding to the use- 
fulness and safety of the methods available. 

Finally, it is a pleasure to acknowledge the 
considerable help given by Professor Newsholme 
of the Department of Biochemistry i in Oxford in 
the production of this issue. 

3. Narmin 
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THE GLUCOSE-FATTY ACID CYCLE 


Relationship between glucose utilization in muscle, fatty acid oxidation in muscle and 
lipolysis in adipose tissue 


J. C. STANLEY 


This series of articles is concerned with how 
carbohydrate, lipid and amino acid metabolism in 
different tissues is integrated for the benefit of the 
whole animal. The tissues of the body oxidize a 
variety of organic compounds for production of 
biological energy in the form of ATP. These 
compounds include glucose, fatty acids, ketone 
bodies and some amino acids and for the purpose 
of these articles they can be grouped together 
under the term metabolic fuels. They are obtained 
either from the diet or from storage molecules such 
as glycogen, triacylglycerol and protein. It is 
crucial for the wellbeing of the animal that at least 
one of these metabolic fuels is always available in 
the bloodstream or the tissue despite large 
fluctuations in the rate of fuel utilization by the 
tissues or in the rate of fuel production from 
endogenous or exogenous sources. There is a vital 
need for the rate of production of a fuel to be 
regulated precisely in relation to its rate of 
utilization and for the rate of production and 
utilization of all fuels to be satisfactorily 
integrated. The present series of articles presents 
the author’s own view of how this might be 
achieved. 

The metabolism of higher animals suffers from 
several disadvantages which become apparent in 
conditions of carbohydrate deprivation such as 
starvation. First, certain tissues such as red blood 
cells are completely dependent, and others such as 
brain and central nervous system are partially 
dependent, upon glucose as a metabolic fuel. 
Therefore, the supply of glucose to such tissues 
must be maintained. Second, the capacity of the 
liver to store glucose as glycogen is limited, in 
marked contrast to the capacity of the adipose 
tissue to store triacylglycerol (table I). Liver 
glycogen, therefore, cannot maintain the glucose 


J. €. STANLEY, PH.D., Department of Biochemistry, Man- 
chester University, Oxford Road, Manchester M13 9PL. 
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TABLE I. Fuel reserves in a 70-kg human subject 





Fuel reserve 
(average man) 








Fuel Tissue kcal & 
Triglyceride Adipose tissue 100 000 15 000 
Glycogen Liver 200 70 

Muscle 400 120 
Glucose Body fluids 40 20 
Protein Muscle 25 000 6000 





This table has been taken from Regulation in Metabolism by 
Eric A. Newsholme and Carole Start, with kind permission of 
the publishers (John Wiley and Sons Ltd). 


supply for prolonged periods and must be aug- 
mented by the synthesis of glucose, that is 
gluconeogenesis from other endogenous sources, 
in particular the amino acid alanine derived from 
the degradation of muscle protein. Third, higher 
animals are unable to synthesize glucose from fatty 
acids and as a result are unable to make use of the 
major portion of stored triacylglycerol for this 
purpose. Nevertheless, adipose tissue 
triacylglycerol can contribute to the supply of 
glucose directly by providing glycerol, a 
gluconeogenic precursor, and indirectly by 
providing fatty acids and, ultimately, ketone 
bodies which are oxided in preference to glucose 
by some tissues. It is apparent from these 
considerations that complex control mechanisms 
are necessary for integrating the production and 
utilization of the various metabolites mentioned 
above. 

Broadly speaking, the control mechanisms 
responsible for the conservation of glucose in 
conditions of carbohydrate deprivation involve 
inhibition of the pathways of glucose utilization 
and activation of the pathways of glucose 
production. These metabolic adaptions are 
integrated so that the blood glucose concentration 
is maintained relatively constant during 
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starvation, in marked contrast to the fatty acid or 
ketone body concentrations (table ID. In this 
series of articles the regulation of glucose 
utilization through the availability of fatty acids 
will be discussed first and the role of muscle as the 
site of fatty acid utilization and adipose tissue as 
the site of fatty acid production will be described. 
Then the regulation of glucose utilization through 
the availability of ketone bodies will be discussed 
and the role of the liver in their synthesis and of 
brain, kidney cortex and small intestine in their 
utilization will be described. The regulation of 
glucose production will include a discussion of the 
role of liver glycogen and the regulation of 
gluconeogenesis will be discussed in relation to the 
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muscle providing the preparation is well oxy- 
genated (Rennie and Holloszy, 1977). It can be 
concluded, therefore, that in heart, diaphragm and 
red skeletal muscle fatty acids are oxidized in 
preference to glucose and that fatty acid oxidation 
specifically inhibits the rate of carbohydrate 
utilization by these muscles. 

These conclusions are confirmed by studies of 
muscle metabolism in vivo. Under conditions such 
as starvation and prolonged exercise, in which the 
blood fatty acid concentration increases, it can be 
shown that the respiratory quotient decreases, 
indicating a shift from carbohydrate to lipid 
utilization. It is important to appreciate that this 
shift occurs in the absence of any appreciable 


TABLE II. Concentrations of glucose, long chain fatty acids and ketone bodies during starvation in man 





Serum (or plasma) concentrations (mmol litre~ °) 


Days of starvation 





Fuel Fed 1 2 3 4 5 6 8 
Glucose 5.5 4.7 4.1 3.8 3.6 3.6 3.5 3.5 
Long chain fatty acids 0.30 0.42 0.82 1.04 1.15 1.27 1.18 1.88 
Ketone bodies «0.01 0.03 0.55 2.15 2.89 3.64 3.98 5.34 





This table has been taken from Clinics in Endocrinology and Metabolism, Volume 5 Number 3, with kind permission of the 


publishers (W. B. Saunders Company Ltd). 


tissues which supply gluconeogenic precursors, 
namely skeletal muscle, adipose tissue and red 
blood cells and the tissues which synthesize 
glucose, namely liver and kidney cortex. Finally, 
some ideas concerning the mechanism of action of 
hormones on metabolism will be described. 


The inhibition of glucose utilization in muscle by the 
oxidation of fatty acids 

Experiments with isolated in vitro muscle 
preparations have shown that the oxidation of fatty 
acids inhibits the rate of carbohydrate utilization. 
Thus perfusion of the isolated rat heart with fatty 
acids in the presence of glucose inhibits the rate of 
glucose uptake and glycolysis (Garland, 
Newsholme and Randle, 1964). This inhibition of 
glucose utilization is dependent upon the 
oxidation of the fatty acids rather than their 
presence, since the inhibitory effect is abolished by 
respiratory poisons. Similar results were obtained 
using the isolated rat diaphragm. Furthermore, 
perfusion of the rat hindquarter with fatty acids in 
the presence of glucose inhibits the rate of glucose 
uptake and glycogen depletion in red skeletal 


decrease in the blood glucose concentration and 
hence that lipid-derived fuels are being oxidized in 
preference to glucose. Using arterial and coronary 
sinus catheterization techniques, a negative 
correlation between the plasma fatty acid 
concentration and the rate of glucose utilization by 
the human heart in vivo was demonstrated. A 
similar relationship has been shown between the 
rate of pyruvate oxidation by skeletal muscle 
during excercise and the plasma fatty acid 
concentration. Hence the oxidation of fatty acids 
by muscle in vivo inhibits glucose utilization or 
oxidation, or both. 

The biochemical mechanism whereby the 
oxidation of fatty acids by muscle inhibits glucose 
utilization has been studied using two 
experimental approaches. The kinetic properties 
of purified key enzymes of carbohydrate utilization 
have been studied in vitro in order to identify 
possible regulator molecules. Then the 
concentration changes in these candidate regulator 
molecules are measured in the muscle i» vivo. This 
approach identifies which of the regulators is of 
importance in mediating the inhibition of glucose 
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utilization by fatty acid oxidation. The above 
approaches have led to the elucidation of the 
following sequence of events. 

The oxidation of fatty acids in muscle occurs 

within the mitochondria and leads to an increase in 
the concentration ratio acetyl-CoA : CoA within 
this compartment. An increase in this concen- 
tration ratio inhibits the mitochondrial multi- 
enzyme complex pyruvate dehydrogenase, which 
converts pyruvate into acetyl-CoA. This reaction 
represents a loss of carbohydrate to the body since, 
once pyruvate has been metabolized by this 
enzyme to acetyl-CoA, it is committed to 
oxidation. Furthermore, since pyruvate that is not 
oxidized is released from the tissue either as lactate 
or alanine, which are both excellent gluconeogenic 
precursors, the oxidation of fatty acids in muscle 
conserves glucose, by inhibiting pyruvate 
dehydrogenase activity. 
' A second consequence of the increase in the 
mitochondrial acetyl-CoA concentration is an 
increase in the mitochondrial citrate concentration 
through the reaction catalysed by citrate synthase. 
Citrate can cross the inner mitochondrial 
membrane via a specific transport system and 
hence the concentration of cytoplasmic citrate also 
increases when fatty acids are oxidized by muscle. 
Citrate potentiates the inhibition, by ATP, of 
phosphofructokinase, a key glycolytic enzyme 
which catalyses the conversion of fructose-6- 
phosphate to fructose-1,6-diphosphate. 

The inhibition “of phosphofructokinase by 
citrate in turn leads to an accumulation of its 
substrate fructose-6-phosphate within the cyto- 
plasm. Fructose-6-phosphate and  glucose-6- 
phosphate are maintained close to equilibrium in a 
reaction catalysed by phosphoglucoisomerase. 
Consequently, an increase in the concentration of 
fructose-6-phosphate will be accompanied by an 
increase in the concentration of glucose-6- 
phosphate. Glucose-6-phosphate is an inhibitor of 
hexokinase and phosphorylase so that, when 
muscles oxidize fatty acids, the phosphorylation of 
glucose, derived either from the bloodstream or 
endogenous glycogen, will be inhibited. 

This concerted mechanism for the inhibition of 
glucose utilization in muscle by the oxidation of 
fatty acids is illustrated in figure 1. 

The transport of glucose across the cell 
membrane may also be inhibited when fatty acids 
are oxidized by muscle, so that this provides a 
further control point for glucose utilization in this 


Glucose 
li membr: 
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Fic. 1. Inhibition of glucose utilization in muscle by fatty acid 

oxidation. 1 — Glucose transport across cell membrane: 

2 = hexokinase; 3 = phosphofructokinase; 4 = pyruvate 

transport across inner mitochondrial membrane; 5 = pyruvate 

dehydrogenase; 6 = citrate synthase; 7 = tricarboxylic acid 
cycle; 8 = f-oxidation of fatty acids. 





tissue. However, the mechanism of this effect is at 
present unknown. 

The discussion so far has demonstrated that the 
provision of fatty acids to heart, diaphragm and 
red skeletal muscle results in their oxidation by 
muscle and the consequent inhibition of glucose 
utilization. This mechanism contributes towards 
the conservation of glucose in situations such as 
starvation where the concentration of fatty acids in 
the blood is high. Since the rate of fatty acid 
oxidation by these muscles is dependent upon the 
fatty acid concentration in the blood, the rate of 
fatty acid oxidation by muscle is controlled by the 
rate of mobilization of fatty acids into the blood- 
stream. The source of these fatty acids is adipose 
tissue and, therefore, factors which regulate the. 
rate of release of fatty acids from this tissue willin 
turn regulate the rate of their oxidation by muscle. 
This subject is discussed in the next section. 

For a fuller discussion of the inhibition of 
glucose utilization in.muscle by the oxidation of 
fatty acids the reader is referred to Newsholme and 
Start (1973). 


Regulation of fatty acid mobilization from adipose 
tissue 

Adipose tissue triacylglycerol is the major fuel 
reserve in man. This fuel reserve is made available 
to the tissues of the body as non-esterified fatty 
acids which are released into the blood by adipose 
tissue following the intracellular hydrolysis of 
triacylglycerol, a process referred to as lipolysis. 
Since fatty acids are relatively insoluble in water, 
they are transported in the blood bound to the 
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protein albumin. The rate of release or 
mobilization of fatty acids from adipose tissue 
. increases under certain conditions including 
" starvation, sustained exercise and physical or 
psychological stress. Increased fatty acid 
mobilization results in two major metabolic 
adaptations, namely an increased rate of fatty acid 
oxidation in muscle and an increased rate of ketone 
body synthesis in the liver. It is, therefore, of 
crucial importance that the rate of fatty acid 
mobilization should be controlled in relation to the 
rates of fatty acid utilization by these tissues. The 
rate of fatty acid mobilization is regulated by a 
number of factors including sympathetic nervous 
activity, the concentration of circulating hormones 
(e.g. insulin) and the concentration of certain 
metabolites in the blood (e.g. ketone bodies, 
lactate). These factors are further discussed below. 

The mobilization of fatty acids involves 
hydrolysis of triacylglycerol followed by the 
transport of the fatty acids across the membrane of 
the adipocyte. Transport occurs by simple 
diffusion and is, therefore, proportional to the fatty 
acid concentration gradient. However, the 
intracellular fatty acid concentration is not 
determined by the rate of lipolysis only, since a 
proportion of the fatty acid may be esterified. 
Hence factors which regulate the rate of re- 
esterification will also regulate the rate of fatty acid 
mobilization. Since such factors are not well 
understood at the present time, the following 
discussion will be confined to factors which 
regulate the rate of lipolysis and their consequent 
effect upon fatty acid mobilization. Nevertheless, 
the simultaneous activity of both the lipolytic 
pathway and the re-esterification pathway has an 
important role to play in increasing the sensitivity 
of control over fatty acid mobilization. This 

subject is also discussed below. 
^ Adipose tissue triacylglycerol is hydrolysed to a 
mixture of fatty acids and glycerol in a three-step 
process, each step catalysed by a separate enzyme. 
Of the three enzymes concerned, triglyceride 
lipase is the most important since it catalyses a 
flux-generating step (Newsholme and Crabtree, 
1979). The role of such an enzyme in a metabolic 
pathway is to generate a flux to which all the other 
enzyme-catalysed reactions in the pathway 
respond. Triglyceride lipase generates the flux 
through both lipolysis in adipose tissue and fatty 
acid oxidation in muscle, since a change in the rate 
of supply of fatty acids to muscle inevitably leads 
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to a change in the rate of their oxidation. Hence in 
this case the pathway concerned spans two tissues. 
An enzyme which catalyses a flux-generating step 
has several characteristics. First, it catalyses a non- 
equilibrium reaction im vivo and second, it 
approaches saturation with its substrate in vivo. As 
a result the activity of the enzyme which catalyses 
the flux-generating step is independent of changes 
in the concentration of pathway-substrate and 
responds only to factors which are external to the 
pathway. Hence a flux-generating step can gen- 
erate a steady-state flux to which all other reactions 
in the pathway adapt. It is, therefore, an extremely 
important control site. The activity of triglyceride 
lipase is regulated by a number of hormones, all of 
which act by mechanisms which involve changes 
in the concentration of regulators which are 
external to the pathway. One major difficulty in 
this field is the remarkable species variation in the 
response of lipolysis to hormones. 

The hormonal regulation of adipose tissue 
lipolysis has been studied in vitro by measuring the 
rate of glycerol release from isolated adipose tissue 
preparations of the rat, for example epididymal fat 
pads or adipocytes and caution must be used in 
extrapolation of these findings to other animals. 
The results of such studies enable hormones to be 
classified as lipolytic or antilipolytic. Lipolytic 
hormones for the rat include catecholamines, 
glucagon, growth hormone in the presence of 
glucocorticoids, ACTH and possibly other 
pituitary hormones. Lipolytic hormones for man 
clude the catecholamines and TSH. Insulin and 
prostaglandins E, and E, are antilipolytic agents 
in both the rat and man. Some of these hormones 
may be involved in the stimulation of lipolysis in 
vivo during conditions of stress, prolonged 
exercise and starvation. 

The rate of fatty acid mobilization increases in 
response to stress and prolonged exercise. It is 
likely that these effects are mediated through 
increased sympathetic activity, resulting in the 
release of noradrenaline, a lipolytic agent, from 
nerve endings in the tissue. The mechanism of 
action of noradrenaline on triglyceride lipase 
activity and hence lipolysis is comparatively well 
understood. The initial event is the binding of 
noradrenaline to a receptor on the surface of the 
adipocyte cell membrane. This event is 
responsible for the activation of the membrane- 
bound enzyme adenyl cyclase which synthesizes 
cAMP from ATP in the cytoplasm. An increase in 
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the concentration of cAMP activates cAMP- 
dependent protein kinase, one of the substrates of 
which is triglyceride lipase. The cAMP- 
dependent protein kinase phosphorylates 
triglyceride lipase at the expense of ATP and 
activates the enzyme since the phosphorylated 
form is more active than the dephosphorylated 
form. As a result the mobilization of fatty acids 
from adipose tissue increases providing tissues 
such as muscle with an alternative fuel to glucose. 
During conditions of stress and prolonged 
exercise, the availability of an alternative fuel 
allows the conservation of glucose and prevents 
the hypoglycaemia that could result from a 
massive increased demand for metabolic fuels 
under these conditions. During starvation, the rate 
of fatty acid mobilization and the plasma fatty acid 
concentration increase. Changes in the 
concentration of several circulating hormones may 
mediate this effect, but since lipolytic hormones 
are species-specific, the following discussion refers 
to the rat but not to man. During starvation the 
concentration of insulin, an antilipolytic hormone, 
decreases. As a consequence, lipolysis will be de- 
inhibited. The mechanism of the inhibitory action 
of insulin on lipolysis is not well understood. 
However, insulin can decrease cAMP concen- 
trations previously increased by lipolytic 
hormones, hence inhibiting cAMP-dependent 
protein kinase and triglyceride lipase activity. This 
mechanism may explain, at least in part, the 
antilipolytic activity of insulin. The concentration 
of circulating growth hormone and glucagon 
increases during starvation. Since both these 
hormones are lipolytic in the rat an increase in 
their concentrations may contribute towards the 
stimulation of lipolysis during starvation. 
Glucagon stimulates lipolysis by the same 
mechanism as catecholamines. Growth hormone, 
the lipolytic activity of which is seen only in the 
presence of glucocorticoids and takes longer to 
develop, acts by a different mechanism. It is 
thought that growth hormone stimulates the 
synthesis of adenyl cyclase and hence, as starvation 
proceeds growth hormone progressively increases 
the capacity of other lipolytic hormones to increase 
the cAMP concentration. 

Changes in the concentration of circulating 
hormones during stress, sustained exercise and 
starvation may partly explain the increase in the 
rate of lipolysis under these conditions. However, 
an additional feedback control is provided by 


changes in the ketone body concentration. This 
control mechanism is discussed in more detail later 
on. 

Isotopic techniques have shown that, in adipose 
tissue, the pathways of lipolysis and esterification 
are simultaneously active. Hence a proportion of 
the fatty acids formed by the hydrolysis of tri- 
acylglycerol are esterified and hence triacyl- 
glycerol is resynthesized. This triglyceride-fatty 
acid cycle is illustrated in figure 2. One apparent 
disadvantage of this substrate cycle is that the 
activation of fatty acids before esterification with 
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Fic 2. The triglyceride fatty acid cycle in adipose tissue, 
1 = Lipolysis; 2 = activation of fatty acids; 3 = esterification of 
fatty acyl-CoA. 


glycerol phosphate is an ATP-requiring reaction. 
Hence the operation of the triglyceride fatty acid 
substrate cycle consumes ATP and could be 
regarded as energetically wasteful. However, one 
advantage of this substrate cycle is that it in- 
creases the sensitivity of control over the mobiliza- 
tion of fatty acids from adipose tissue. Therefore, 
the disadvantage of ATP utilization in this cycle is 
balanced by the advantage of improved sensitivity 
of control over fatty acid mobilization. For a fuller 
discussion of the regulation of fatty acid mobiliza- 
tion adipose tissue the reader is referred to Hales, 
Luzio and Siddle (1978). 


The glucose-fatty acid cycle 

The concept of the glucose—fatty acid cycle seeks 
to explain the reciprocal relationship in vivo be- 
tween, on the one hand the rate of glucose utiliza- 
tion in muscle and, on the other hand, the rate of 
fatty acid mobilization from adipose tissue and 
oxidation in muscle. These metabolic relation- 
ships serve to maintain the blood glucose concen- 
tration relatively constant despite large changes in 
the rates of production and utilization of glucose. 
The concept of the glucose-fatry acid cycle was 
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proposed by Randle and others (1963). Originally 
the results of in vitro experiments using isolated 
muscle and adipose tissue preparations, some of 
which have been mentioned in the previous two 
sections, were used to formulate the theory of the 
glucose-fatty acid cycle which applies to the whole 
animal. However, evidence in support of the cycle 
has now been obtained from in vivo experiments. 
Since the concept of the glucose-fatty acid cycle 
was originally proposed, it has been found 
necessary to extend the cycle to include ketone 
bodies. However, in this section the original 
concept of the glucose-fatty acid cycle is 
discussed, with some evidence in support of the 
cycle. A discussion of the extended cycle and the 
physiological role of ketone bodies is provided in 
the next paper. 

The glucose-fatty acid cycle is illustrated in 
figure 3. The theory of the cycle states that when 
the blood glucose concentration and particularly 
when the liver glycogen concentration decreases, 
then fatty acids are mobilized from adipose tissue. 
As a result the blood fatty acid concentration 
increases and fatty acids are oxidized by muscle. 
The oxidation of fatty acids by muscle specifically 
inhibits glucose utilization in this tissue. In the 
original concept of the cycle an increase in the 
blood glucose concentration was considered to be 
the major factor reducing fatty acid mobilization 
and decreasing the blood fatty acid concentration. 
However, it is considered currently that the major 
factor responsible for reducing the mobilization of 
fatty acids after, for example, refeeding a starved 
subject, is the increase in the concentration of 
insulin. This causes a decrease in the rate of fatty 
acid oxidation in muscle so that the rate of glucose 
utilization increases and consequently the blood 
glucose concentration will be maintained close to 
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normal (fig. 3). This control mechanism allows 
rates of fatty acid oxidation, glucose utilization and 
fatty acid mobilization to be controlled by changes 
in the blood glucose concentration. Hence the 
glucose-fatty acid cycle allows the blood glucose 
concentration to be maintained relatively constant 
at the expense of the fatty acid concentration in the 
blood. 

Some evidence for the operation of the 
glucose-fatty acid cycle in vivo has been obtained. 
First, the above theory predicts that an increase in 
the blood fatty acid concentration should decrease 
the rate of glucose utilization and hence impair 
glucose tolerance. The blood fatty acid concen- 
tration in human subjects in vivo can be increased 
either by a triglyceride meal followed by a heparin 
injection or by injecting noradrenaline, a lipolytic 
hormone. Increase of the blood fatty acid concen- 
tration by these experimental procedures de- 
creases the rate of peripheral glucose utilization and 
impairs glucose tolerance. Second, the above 
theory predicts that, when the fatty acid concen- 
tration decreases, the rate of glucose utilization 
should increase and hence glucose tolerance should 
improve. The administration of nicotinic acid, an 
antilipolytic agent, to human subjects decreases 
the fatty acid concentration in the blood and 
improves glucose tolerance. Third, the above 
theory predicts that, if fatty acid oxidation is 
inhibited, the rate of glucose utilization should 
increase and consequently the blood glucose 
concentration should decrease. It has been shown 
that inhibitors of fatty acid oxidation such as pent- 
4-enoic acid when administered to human subjects 
are hypoglycaemic (Newsholme and Start, 1973). 

The glucose-fatty acid cycle plays a role in a 
number of physiological conditions. Starvation 
increases the fatty acid concentration in the blood 
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Fic. 3. The glucose-fatty acid cycle. 
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as a result of an increased rate of fatty acid 
mobilization from adipose tissue. The fatty acids 
are oxidized in muscle, so inhibiting glucose 
utilization in this tissue. As a result glucose will be 
conserved for those tissues which depend upon it 
as a metabolic fuel, for example red blood cells. 
Refeeding will result in an increase in the blood 
glucose concentration. Hence under these 
circumstances the inhibition of glucose utilization 
in muscle must be reversed in order to prevent an 
excessive increase in the blood glucose concen- 
tration. Absorption of glucose from the gut causes 
an increase in the glucose concentration in the 
hepatic portal vein which stimulates the secretion 
of insulin. It is generally accepted that the primary 
role of insulin in refeeding is stimulation of the 
membrane transport of glucose in adipose tissue 
and muscle. Hence the rate of glucose utilization 
“by these tissues increases and prevents an 
excessive increase in the blood glucose 
concentration after refeeding. This may be termed 
the anabolic role of insulin. However, the author 
considers that the antilipolytic activity of insulin 
may be of greater importance in promoting glucose 
utilization after refeeding. Insulin inhibits fatty 
acid mobilization from adipose tissue, which 
decreases the rate of fatty acid oxidation in muscle 
and hence increases the rate of glucose utilization 
in this tissue. This role of insulin in the regulation 
of the blood glucose concentration may be called 
the homeostatic role of insulin (Newsholme, 
1977). The glucose-fatty acid cycle also prevents 
hypoglycaemia during sustained exercise. Thus 
the mobilization of fatty acids during this type of 
exercise will inhibit glucose utilization in muscle 
and so conserve glucose. 

The glucose-fatty acid cycle goes some way 
towards accounting for the relative constancy of 
the blood glucose concentration. However, 
extending the cycle to include the physiological 
role of ketone bodies as substrate and signal 
provides a more satisfactory explanation. The 
glucose-fatty acid ketone body cycle is discussed 
in the next paper (Stanley, 1981). 

For further discussion of the glucose-fatty acid 
cycle, the reader is referred to Newsholme (1976). 
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THE GLUCOSE-FATTY ACID-KETONE BODY CYCLE 
Role of ketone bodies as respiratory substrates and metabolic signals 


J. C. STANLEY 


In this paper, the glucose-fatty acid cycle is 
extended to include the ketone bodies acetoacetate 
and 3-hydroxybutyrate. The physiological roles of 
acetoacetate and 3-hydroxybutyrate as respiratory 
substrates and of 3-hydroxybutyrate as a meta- 
bolic signal are discussed. The paper includes 
descriptions of the regulation of ketogenesis in the 


^ liver, the use of ketone bodies as alternative fuels to 


glucose in the brain, the kidney cortex and the 
small intestine and the regulation of insulin secre- 
tion by the B-cells of the endocrine pancreas and of 
lipolysis in adipose tissue by 3-hydroxybutyrate. 
Emphasis will be placed upon the ability of ketone 
bodies to integrate the metabolism of different 
tissues and the contribution ketone bodies make 
towards glucose conservation in conditions of 
carbohydrate deprivation such as starvation. 
Acetoacetate and 3-hydroxybutyrate, with ace- 
tone, were first discovered in the urine of diabetic 
patients. This association with a pathological con- 
dition led to the idea that these organic compounds 
were by-products of metabolism. Although it is 
unlikely that acetone has any physiological role, 
both acetoacetate and 3-hydroxybutyrate are of 
crucial physiological importance as described 
below. In an attempt to get away from the idea that 
ketone bodies are by-products of metabolism, 
some authors refer to acetoacetate and 3-hydroxy- 
butyrate as the ketoacids. However, in this series 
of articles the term ketone bodies will be used to 
describe acetoacetate and 3-hydroxybutyrate. 
Nevertheless, it is possible to distinguish between 


the physiological ketosis of prolonged starvation. 


when the plasma ketone body concentration in- 
creases to approximately 8 mmol litre” * and the 
pathological ketosis of diabetes when the plasma 
ketone body concentration may reach 
30 mmol litre" !. 
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Diabetes is not the only pathological condition 
in which the ketone body concentration in the 
blood increases. Some hypoglycaemic conditions 
of childhood are characterized by a deficiency in 
hepatic glycogen synthase activity and hence the 
liver is unable to synthesize glycogen. After an 
overnight fast the ketone body concentration in the 
blood of such children increases to about 
8.5 mmol litre" +. Since ketone bodies inhibit the 
release ofthe gluconeogenicprecursor alanine from 
muscle (see later), then the rate of gluconeogenesis 
in such children is also depressed. Hence the low 
blood glucose concentration. (1.5 mmol litre" ?) 
seen after an overnight fast is a consequence of 
both an inadequate liver glycogen store and a low 
rate of gluconeogenesis (Aynsley-Green, William- 
son and Gitzelmann, 1977). 

As can be seen from table II in the previous 
paper (Stanley, 1981), the ketone body concen- 
tration in the blood can vary over a 20-fold range 
during starvation. Such changes in concentration 
are not found in the case of other blood metabolites 
such as glucose and fatty acids. This emphasizes 
the potential of ketone bodies as metabolic signals 
for integrating the metabolism of different tissues. 


Inhibition of glucose utilization by the oxidation of 
ketone bodies 1n the brain, kadney cortex and 
small intestine 

In the postabsorptive state the brain uses ap- 
proximately 120 g of glucose per day. This glucose 
is completely oxidized to carbon dioxide and water 
via the pathways of glycolysis, the tricarboxylic 
acid cycle and the respiratory chain. Hence glucose 
utilization by the brain represents loss of carbo- 
hydrate to the body which must be replaced either 
from dietary sources or, during starvation, from 
endogenous sources such as liver glycogen or 
gluconeogenesis. Since liver glycogen can only 
provide sufficient glucose for the brain for about 
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24 h during starvation, then either glucose must be 
provided by gluconeogenesis or the brain must 
oxidize some alternative fuel. Although gluco- 
neogenesis does provide glucose for the brain 
during starvation this creates an additional prob- 
lem since the amino acid alanine, the major 
precursor for gluconeogenesis in the liver, is 
derived from the degradation of muscle protein. 
Since muscle protein is essential for the survival of 
the animal it cannot be degraded indefinitely to 
satisfy the glucose requirement of the brain. 
Therefore, it is necessary for the brain to use an 
alternative fuel to glucose during starvation and 
hence allow the conservation of body protein. 
Using arteriovenous catheterization techniques 
it has been shown that, in obese patients under- 
going a 5-6-week period of therapeutic starvation, 
the glucose requirement of the brain decreases to 
about 35 g per day (Owen et al., 1967). Hence 
glucose utilization by the brain during prolonged 
starvation decreases by about 70%. This study 
also demonstrated that, as the concentration of 
ketone bodies in the blood increased during starv- 
ation, so did the rate of ketone body utilization. 
The capacity of the brain for ketone body oxid- 
ation was demonstrated by the finding that all the 
enzymes necessary for ketone body oxidation were 
present in this tissue. Thus the brain has the 
capacity for ketone body oxidation which is used in 
conditions such as starvation when the plasma 
ketone body concentration increases. It should, 
however, be pointed out that even in prolonged 
starvation ketone bodies do not completely replace 
glucose as a metabolic fuel. Hence gluconeogenesis 


must still provide about 35 g of glucose per day to . 


the brain in prolonged starvation. It is unclear 
whether this represents an absolute requirement 
for this amount of glucose by the brain or whether, 
at high concentrations of ketone bodies, the brain 
could use less glucose. 

The mechanism whereby ketone body oxidation 
inhibits glucose utilization in the brain is likely to 
be similar to the mechanism whereby fatty acid 
oxidation inhibits: glucose utilization in muscle. 
The oxidation of ketone bodies, like the oxidation 
of fatty acids, will increase the concentration of 
acetyl-CoA within the mitochondria. It is likely 
that the resultant increase in the concentration 
ratio acetyl-CoA : CoA inhibits pyruvate dehyd- 
rogenase activity. Furthermore, it has been shown 
that, in the rat brain, the oxidation of ketone bodies 
increases the concentration of citrate and inhibits 
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the activity of phosphofructokinase. This will 
presumably lead to a decrease in the activity 
of hexokinase via an increase in the concentration 
of the inhibitor glucose-6-phosphate. However, 
more work needs to be done in this area; in 
particular the effect of ketone body oxidation on 
the transport of glucose into brain cells needs to be 
studied. Nevertheless, it is the author’s view that 
the mechanism is likely to be broadly similar to 
that in muscle, but that details such as the mechan- 
ism of citrate accumulation may be different. 

In the postabsorptive state the kidney cortex 
uses about 24 g of glucose per day. However, it can 
be calculated that glucose production via gluco- 
neogenesis during starvation is only sufficient to 
meet the glucose requirement of the brain and the 
anaerobic tissues such as red blood cells which - 
obtain their energy from the conversion of glucose 
to lactate. Hence it is necessary for the kidney 
cortex to oxidize alternative fuels to glucose during 
starvation. It'has been shown that kidney cortex 
slices oxidize fatty acids and ketone bodies and that 
this leads to an increase in the concentration of 
citrate and a consequent inhibition of phospho- 
fructokinase activity and glucose utilization. 
Recent work has demonstrated that the small 
intestine also oxidizes ketone bodies during starv- 
ation and that this inhibits glucose oxidation in 
this tissue. A reduction in the rate of glucose 
utilization by the small intestine during starvation 
has also been observed, but this effect is apparently 
not dependent upon the accumulation of citrate 4 
but rather upon a decrease in the concentration of 
the glycolytic enzymes hexokinase, phospho- 
fructokinase and pyruvate kinase (Hanson and 
Parsons, 1978). Hence the ability of ketone bodies 
to act as an alternative fuel to glucose in tissues 
such as the brain, the kidney cortex and the small 
intestine will contribute towards the conservation 
of glucose in conditions such as starvation when 
the ketone body concentration in the blood 
increases. 

The quantitative estimates of glucose produc- 
tion and utilization by various tissues referred to 
above are based on arterio-venous difference 
measurements. A fuller discussion of these es- 
timates and their relation to starvation in man will 
be found in Cahill (1976). 


The regulation of ketogenests 
The synthesis of the ketone bodies acetoacetate 
and 3-hydroxybutyrate from fatty acids involves 
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the co-operation of two tissues, namely adipose 
tissue and the liver. Fatty acids are first mobilized 
from adipose tissue then taken up by the liver and 
finally converted into ketone bodies. Regulation of 
ketogenesis, therefore, involves control of fatty 
acid mobilization in adipose tissue and of the 
conversion of fatty acids into ketone bodies in the 
liver. Furthermore, the metabolism of these two 
tissues must be integrated to ensure that the 
capacity for ketone body synthesis in the liver is 
matched by the rate of supply of fatty acids from 
adipose tissue. The control of fatty acid mobiliz- 
ation has already been discussed in a previous 
section and hence only factors which act at the 
level of the liver and which integrate the metabo- 
lism of the two tissues will be discussed in this 
section. 

Fatty acids taken up from the blood by the liver 
are first esterified to'CoA in an ATP-dependent 
reaction. The resultant cytoplasmic fatty acyl- 
CoA may either be esterified with glycerol-3- 
phosphate to form triacylglycerol or be esterified 
with carnitine and transported as fatty acyl- 
carnitine into the mitochondrion which is the site 
of ketone body synthesis. Once inside the mito- 
chondrion, fatty acyl-carnitine is converted back 
to fatty acyl-CoA which undergoes B-oxidation to 
form acetyl-CoA. If ketogenesis is to occur, then 
this branch point of metabolism must be regulated 
so that fatty acyl-CoA is directed towards the 
mitochondrion. Regulation of this branch point 
could, therefore, in principle involve inhibition of 
triacylglycerol synthesis, stimulation of transport 
of fatty acid residues into the mitochondrion or a 
combination of both processes. Mitochondrial 
acetyl-CoA may be metabolized either via the 
tricarboxylic acid cycle to form carbon dioxide or 
via the HMG-CoA pathway to form ketone 
bodies. If ketogenesis is to occur then mitochon- 
drial acetyl-CoA must be directed towards the 
HMG-CoA pathway. Hence, in principle, regu- 
lation of this branch point could involve inhibition 
of the tricarboxylic cycle, stimulation of the 
HMG-CoA pathway or a combination of both 
processes. The pathways described above and 
their relationship to one another are presented in 
figure 1. 

The regulation of ketogenesis in the liver has 
been studied using in vitro preparations of this 


tissue, in particular the perfused rat liver and ` 


isolated rat hepatocytes. When livers from fed, 
starved and diabetic rats were perfused with the 


133 


Adipose tissue 










Triglyceride 






Fatty Los 
acetyl "p em 


acetoacetate CO; * H20 


yardłybutyrate 






FIG. 1. Pathways of fatty acid oxidation and esterification in the 
hver. 


same concentration of oleic acid it was found that, 
despite similar rates of uptake of this long chain 
fatty acid by all three livers, the rates of keto- 
genesis in the livers from starved and diabetic 
animals were very much greater. This finding 
implies that the greater rates of fatty acid mobiliz- 
ation characteristic of the starved and diabetic 
states are not alone sufficient to ensure high rates of 
ketogenesis. Hence control mechanisms must exist 
in the liver to ensure that in the starved and 
diabetic states fatty acids are directed towards the 
ketogenic pathway. 

Octanoate, a medium chain fatty acid, can cross 
the inner membrane without prior esterification to 
carnitine. The finding that octanoate is oxidized at 
similar rates by perfused liver from fed, starved 
and diabetic rats suggests that the transport of 
fatty acid residues across the inner mitochondrial 
membrane may regulate the distribution of fatty 
acyl-CoA between mitochondrion and cytoplasm. 
It is thought that the membrane-bound enzyme 
carnitine acyl transferase-I catalyses the rate- 
limiting step in the transport of fatty acid residues 
into the mitochondrion. Furthermore, the results 
also suggest that transport of fatty acid residues 
into the mitochondrion is less rapid in the livers 
from fed rats and more rapid in the hvers from 
starved and diabetic rats thus allowing greater 
rates of ketogenesis in the starved and diabetic 
state. | 

These observations focused artention on the 
regulation of carnitine acyl transferase-I activity as 
a means of activating the pathway for the oxidation 
of fatty acyl-CoA in starvation and diabetes. A 
large number of intermediates of glucose and fatty 
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acid metabolism were tested for their ability to 
activate or inhibit this enzyme. As a result it was 
discovered that physiological concentrations of 
malonyl-CoA inhibited carnitine acyl transferase- 
I activity. Malonyl-CoA is the first intermediate 
unique to the pathway of fatty acid synthesis. 
Hence, when the rate of fatty acid synthesis in the 
liver is high and the malonyl-CoA concentration is 
high, carnitine acyl transferase-I activity will be 
inhibited and consequently the rate of fatty acid 
oxidation and ketogenesis will be low. Hence the 
role of malonyl-CoA as an inhibitor of carnitine 
acyl transferase-I and as an intermediate of the 
pathway of fatty acid synthesis allows reciprocal 
control of fatty acid oxidation and synthesis in the 
liver. It has been shown that rates of fatty acid 
synthesis and oxidation, when measured simul- 
taneously in isolated rat hepatocytes are related in 
8 linear and reciprocal fashion. 

Glucagon stimulates the rate of ketogenesis in 
the liver. This effect may be partly a result of the 
ability of glucagon to decrease the malonyl-CoA 
concentration. The activity of the enzyme acetyl- 
CoA carboxylase controls the rate of malonyl-CoA 
synthesis in the liver, while the activity of the fatty 
acid synthetase enzyme complex controls the rate 
of its utilization. Hence it might be expected that 
glucagon decreases the malonyl-CoA concen- 
tration by changing the activities of one or both of 
these enzymes. It has recently been sbown that 
impure preparations of acetyl-CoA carboxylase 
are phosphorylated by cAMP-dependent protein 
kinase—a process that is accompanied by in- 
hibition of the enzyme (Kim, 1979), Hence gluca- 
gon can inhibit acetyl-CoA carboxylase since it 
increases cAMP concentration and consequently 
activates cAMP-dependent protein kinase. 
Inhibition of acetyl-CoA carboxylase by glucagon 
will reduce the rate of malonyl-CoA synthesis and 
hence decrease the malonyl-CoA concentration. 
As a result carnitine acyl transferase-I will be de- 
inhibited and the rate of ketogenesis will increase. 

It is not clear at the present time how far 
inhibition of the rate of fatty acid esterification 
during starvation and diabetes contributes to in- 
creased rates of ketogenesis in these situations. 
Nevertheless, it is likely that some control mech- 
anism ensures that the rate of fatty acid esterifi- 
cation is inhibited in ketotic states otherwise de- 
inhibition of fatty acid oxidation and ketogenesis 
when the malonyl-CoA concentration decreases 
would not necessarily direct fatty acyl-CoA into 


BRITISH JOURNAL OF ANAESTHESIA 


the oxidative pathway but merely allow com- 
petition berween the oxidative and esterification 
pathways for the available fatty acyl-CoA. 

A second problem concerning the regulation of 
ketogenesis is the nature of the factors which 
control the distribution of mitochondrial acetyl- 
CoA between the tricarboxylic acid cycle and the 
HMG-CoA pathway. No increase in the capacity 
of the HMG-CoA pathway in ketotic states has 
been detected. It has been shown that the capacity 
of the tricarboxylic acid cycle decreases during 
Ketogenesis, but this effect is not essential for 
enhanced ketogenesis. The mechanism of regu- 
lation of this branch point in metabolism remains ` 
to be established. Factors which integrate the 
mobilization of fatty acids from adipose tissue and 
the synthesis of ketone bodies from fatty acids in 
the liver include the concentration of circulating 
insulin, glucagon and ketone bodies. During starv- 
ation the concentration of insulin in the blood 
decreases while that of glucagon increases. 
Enhanced ketogenesis during starvation is caused 
by a simultaneous increase in the rate of fatty acid 
mobilization from adipose tissue and an increased 
capacity for ketone body synthesis from fatty acids 
in the liver. The former is probably mediated by a 
decline in the concentration of the antilipolytic 
hormone insulin, while ‘the latter is probably 
mediated by an increase in the concentration of the 
ketogenic hormone glucagon. However, the 
author considers that this kind of hormonal regu- - 
lation alone may not be sufficiently precise to 
ensure that the rate of supply of fatty acids from 
adipose tissue is precisely matched to the rate of: 
their utilization by the liver. Hence a further 
control mechanism which involves ketone bodies 
is necessary. 

It has been shown that high concentrations of 
the ketone body 3-hydroxybutyrate stimulate the 
secretion of the antilipolytic hormone insulin. ` 
Furthermore, it has also been shown that 3- 
hydroxybutyrate directly inhibits the rate of mobi- 
lization of fatty acids from adipose tissue and 
increases the sensitivity of adipose tissue to the 
effects of insulin (Green and Newsholme, 1979). 
These are examples of the role of ketone bodies as a 
metabolic signal. These effects could form the 
basis of a sensitive feedback control mechanism for 
regulating the rate of release of fatty acids from 
adipose tissue in relation to the rate of ketone body 
synthesis in the liver. Indirect evidence for this 
control mechanism is provided by the pheno- 
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menon of post-exercise ketosis. Immediately after 
exercise has finished the rate of utilization of fatty 
acids by muscle will rapidly decrease while the rate 
of fatty acid mobilization from adipose tissue will 
remain unchanged. Consequently, the concen- 
tration of fatty acids in the blood will increase. 
This in turn will stimulate the rate of ketogenesis 
in the liver and hence the ketone body concent- 
ration will increase. The antilipolytic action of 
ketone bodies will ensure that fatty acid mobiliz- 
ation is inhibited so that it now exactly matches the 
new low rate of fatty acid utilization by muscle. 
Hence a new metabolic steady state is achieved. 

A more detailed discussion of the regulation of 
ketone body synthesis will be found in McGarry 
and Foster (1980). 


The glucose-fatty acid—ketone body cycle 

The glucose-fatty acid cycle can now be ex- 
tended to include the role of ketone bodies as 
respiratory substrates and the role of 3-hydroxy- 
butyrate as a metabolic signal. The glucose-fatty 
acid-ketone body cycle is presented in figure 2. 
This extended cycle provides a more complete 
picture of the whole animal’s response to con- 
ditions of carbohydrate deprivation such as starv- 
ation. The role of ketone bodies as respiratory 
substrates provides an explanation for the in- 
hibition of glucose oxidation and utilization via the 
glycolytic pathway in the brain and kidney cortex 
and of glucose oxidation in the small intestine 
during starvation. Hence, the ability of these 
tissues to oxidize ketone bodies in preference to 
glucose in response to an increased ketone body 
concentration in the blood contributes towards the 
conservation of glucose during conditions of car- 
bohydrate deprivation. In the case of the brain, 
inhibition of glucose utilization also allows vital 
muscle protein to be conserved since this protein is 
the ultimate source of the glucose used by the 
brain. The ability of 3-hydroxybutyrate to inhibit 
lipolysis in adipose tissue forms the basis of a 
sensitive feedback control mechanism for fatty acid 
mobilization. Thus the rate of fatty acid mobiliz- 
ation can be regulated, through the 3-hydroxy- 
butyrate concentration in the blood, in relation 
to the plasma fatty acid concentration and hence to 
the rate of fatty acid utilization. Furthermore, the 
inhibitory effect of 3-hydroxybutyrate on lipolysis 
provides a mechanism for integrating the rate of 
supply of fatty acids from adipose tissue and the 
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Fig. 2. The glucose-fatty acid-ketone body cycle. 
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rate of their conversion into ketone bodies in the 
liver. Further details of the glucose-fatty 
acid-ketone body cycle are provided by 
Newsholme (1976). 
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THE REGULATION OF GLUCOSE PRODUCTION 
The role of liver glycogen and glucóneogenesis in the liver and kidney cortex 


J. C. STANLEY 


In the previous two articles biochemical 
mechanisms for inhibiting the rate of glucose 
utilization in muscle, brain, kidney cortex and the 
small intestine were described. These mechanisms 
depend upon the availability of fatty acids and 


ketone bodies in the blood which can be oxidized ` 


by these tissues in preference to glucose. Hence, 
one mechanism for conserving glucose in con- 
ditions of carbohydrate deprivation involves the 
inhibition of glucose utilization. However, some 
tissues respond to conditions of carbohydrate 
deprivation by increasing the rate of glucose 
production from endogenous sources. In the first 
instance liver glycogen is degraded to provide 
glucose which is then released into the blood. 
Following the depletion of the liver glycogen 
stores, glucose is synthesized via the pathway of 
gluconeogenesis which is present in the liver and 
kidney cortex, from precursors such as lactate, 
glycerol and amino acids (notably alanine and 
glutamine). Hence the whole animal's response to 
conditions of carbohydrate deprivation is a com- 
bination of reduced glucose utilization and in- 
creased glucose production. 

Several aspects of the regulation of glucose 
production are discussed in this article. First, the 
regulation of glycogen metabolism in the liver is 
described. Next, some quantitative aspects of 
. glucose production via the gluconeogenic pathway 
are discussed. This is followed by a description of 
the regulation of gluconeogenesis in the liver and 
factors which control the rate of supply of the key 
gluconeogenic precursor, alanine, from muscle. In 
addition the role of ketone bodies in the integration 
of muscle and liver metabolism with regard to 
glucose synthesis from alanine, and brain metabo- 
lism with regard to the utilization of this alanine- 
derived glucose is discussed. Finally, some aspects 
of the integration of glutamine metabolism are 
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described with particular reference to the role of 
this amino acid in starvation and acidosis and the 
part played by muscle, kidney cortex and the small 
intestine in its metabolism. 


Regulation of glycogen metabolism in the liver by the 
blood glucose concentration and by hormones 

The liver plays an important role in blood 
glucose homeostasis. When the concentration of 
glucose in the hepatic portal vein 1s high (for 
example after a high carbohydrate meal) the liver 
removes glucose from the blood. Conversely, 
when the concentration of glucose in the hepatic 
portal vein is low (such as during starvation) the 
liver releases glucose into the blood. Furthermore, 
the rate of uptake or release of glucose by the liver 
is proportional to the degree of hyper- or hypo- 
glycaemia. Hence the blood glucose concentration 
itself can determine whether the liver is a glucose- 
producing or a glucose-using organ and at what 
rate glucose is released or taken up by this tissue 
(Soskin et al., 1938). It is now possible to give some 
explanation of these properties of the liver at a 
biochemical level in relation to the regulatory 
properties of the enzymes which catalyse key 
reactions in the pathways of glycogen synthesis 
and degradation. 

The transport of glucose across the liver cell 
membrane is very rapid. As a result the glucose 
concentration in the liver cell closely follows that 
in the blood. Therefore, when the concentration of 
blood glucose increases after a high carbohydrate 
meal this will be accompanied by an increase in the 
glucose concentration within the liver cell and 
when the concentration of blood glucose decreases 
during starvation this will be accompanied by a 
decrease in the glucose concentration within the 
liver cell. 

The first step in the synthesis of glycogen from 
glucosein the liver is phosphorylation of glucose to 
glucose-6-phosphate, catalysed by glucokinase. 
'This enzyme has a low affinity for glucose and as a 
result is never saturated by physiological concen- 
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trations of glucose. Furthermore, glucokinase in 
the liver, unlike hexokinase in muscle, is not 
inhibited by its product glucose-6-phosphate. 
- These two properties of glucokinase ensure that 
when the concentration of glucose in the liver cell 
is high then the activity of glucokinase and hence 
the rate of glucose phosphorylation will be high. 
Glucose-6-phósphate is converted into glucose-1- 
phosphate by the enzyme phosphoglucomutase 
and glucose-1-phosphate is then converted into 
UDP-glucose by the enzyme UDP-glucose pyro- 
phosphorylase. Finally, the enzyme glycogen 
synthase uses UDP-glucose units to synthesize the 
chains of glucose residues which make up the 
glycogen molecule. Itis thought that the activity of 
glycogen synthase determines the rate of glycogen 
synthesis in the liver. T'he regulatory properties of 
‘glycogen synthase are crucial to the mechanisms 
whereby the blood glucose concentration and 
circulating hormones regulate the rate of glycogen 
synthesis in the liver. 

In the liver, glycogen is degraded to glucose-1- 
phosphate, one glucose residue at a time, in a 
reaction catalysed by the enzyme glycogen phos- 
phorylase. Glucose-1-phosphate is then converted 
to glucose-6-phosphate by phosphoglucomutase 
and finally the glucose-6-phosphate is hydrolysed 
to glucose by the enzyme glucose-6-phosphatase. 
It is the presence of glucose-6-phosphatase in the 
liver which enables this tissue to produce glucose 
from glucose-6-phosphate derived from either 
glycogen breakdown or gluconeogenesis. It is 
thought that the activity of glycogen phosphory- 
lase determines the rate of glycogen breakdown in 
the liver. The regulatory properties of glycogen 
phosphorylase are crucial to the mechanisms 
whereby the blood glucose concentration and 
circulating bormones regulate the rate of glycogen 
breakdown in the liver. 

Glycogen phosphorylase exists in two forms, 
namely glycogen phosphorylase a, which is more 
catalytically active, and glycogen phosphorylase b, 
which is less catalytically active. These two forms 
are interconvertible through two separate re- 
actions catalysed by two separate enzymes; glyco- 
gen phosphorylase b is phosphorylated to form 
glycogen phosphorylase a and the reaction is 
catalysed by the enzyme phosphorylase b kinase. 
This interconversion represents activation of 
glycogen phosphorylase. Glycogen phosphorylase 
a can be dephosphorylated to reform glycogen 
phosphorylase b. This reaction is catalysed by the 
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enzyme phosphorylase a phosphatase and, there- 
fore, represents inactivation of glycogen phos- 
phorylase. Hence the rate of glycogen degradation 
wil be determined by the proportion of phos- 
phorylase in the a form, which will be determined 
by the activities of the two interconverting 
enzymes, phosphorylase b kinase and phosphory- 
lase a phosphatase. Hence it is the activities of 
these two latter enzymes that regulate the rate of 
glycogen breakdown. 

Phosphorylase b kinase activity is also regulated 
by phosphorylation and dephosphorylation. Phos- 


. phorylation of the enzyme is catalysed by cAMP- 


dependent protein kinase and results in the acti- 
vation of phosphorylase b kinase. As a result, 
glycogen phosphorylase activity is stimulated and 
the rate of glycogen breakdown increases. Hence 
hormones such as glucagon which increase the 
cAMP concentration in the liver stimulate the rate 
of glycogen breakdown in this tissue. 

Glycogen synthase also exists in two forms, 
namely glycogen synthase a, which is more cata- 
lytically active, and glycogen synthase b, which is 
less catalytically active. T'he two forms are inter- 
convertible through the action of two enzymes. 
Thus glycogen synthase a can be phosphorylated 
to form glycogen synthase b. This reaction is 
catalysed by the enzyme cAMP-dependent pro- 
tein kinase and, therefore, represents inactivation 
of glycogen synthase. Hence hormones such as 
glucagon which increase the cAMP concentration 
in the liver inhibit glycogen synthase activity and 
decrease the rate of glycogen synthesis. Thus 
glucagon controls the rate of glycogen synthesis 
and degradation in the liver in a reciprocal manner. 
Glycogen synthase b can be dephosphorylated to 
reform glycogen synthase a. This reaction is - 
catalysed by the enzyme synthase b phosphatase 
and, therefore, represents activation of glycogen 
synthase. Hence, the phosphorylated form of 
glycogen synthase is the less catalytically active, 
while the phosphorylated form of glycogen phos- 
phorylase is the more catalytically active. The 
various enzymatic interconversions described 
above are summarized in figure 1. 

The blood glucose concentration exerts recipro- 
cal control over the rates of both synthesis and 
degradation of glycogen in the liver. The following 
mechanism was established by studies of the in 
vitro kinetic properties of purified enzymes of liver 
glycogen metabolism and their interconverting 
enzymes and was subsequently confirmed in vivo. 
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Fic. 1. Regulation of glycogen phosphorylase and glycogen synthase in the liver by phosphorylation 
and dephosphorylation. 


When the blood glucose concentration increases 
this is accompanied by an increase in the glucose 
concentration in the liver cell. Glucose binds 
directly to glycogen phosphorylase a, which as a 
result becomes a better substrate for phosphory- 
lase a phosphatase. Hence the rate of dephos- 
phorylation of glycogen phosphorylase increases 
and the concentration of glycogen phosphorylase a 
in the liver cell declines. As a result the rate of 
glycogen degradation in the liver decreases and the 
rate of release of glucose by the liver decreases. 
The activity of synthase b phosphatase is in- 
hibited by high concentrations of glycogen phos- 
phorylase a. However, once the concentration of 
glycogen phosphorylase a decreases to less than 
10% of the total glycogen phosphorylase concen- 
tration in the liver cell then synthase b phosphatase 
is deinhibited. Hence the rate of dephosphory- 
lation of glycogen synthase increases, leading to an 
increase in its activity. As a result the rate of 
glycogen synthesis in the liver increases and the 
rate of uptake of glucose by the liver increases. 
This sequence of events is reversed when the blood 


glucose concentration decreases and hence pro- 
vides a mechanism for controlling rates of glyco- 
gen synthesis and degradation in the liver in 
response to the blood glucose concentration. A 
more detailed discussion of this mechanism has 
been given by Stalmans (1976). 

However, a variety of hormones also have the 
ability to. regulate the enzyme interconversions 
mentioned above. Thus glucagon and B- 
adrenergic agonists stimulate the activity of adenyl 
cyclase and hence increase the concentration of 
cAMP within the liver cell. As a result the activity 
of cAMP-dependent protein kinase increases. 
This enzyme phosphorylates glycogen synthase a, 
converting it to glycogen synthase b and as a result 
the activity of this enzyme decreases, causing a 
decrease in the rate of glycogen synthesis. In 
addition, cAMP-dependent protein kinase phos- 
phorylates phosphorylase b kinase and hence con- 
verts it to a more active form. Phosphorylase b 
kinase then phosphorylates phosphorylase b to 
phosphorylase a. As a result the activity of 
glycogen phosphorylase increases, causing an in- 
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crease in the rate of glycogen degradation. Hence 
glucagon and B-adrenergic agonists stimulate glu- 
cose production from glycogen in the liver. 

Not all hormones regulate glycogen metabolism 
in the liver via changes in the cAMP con- 
centration. Thus a-adrenergic agonists, vasopres- 
sin, oxytocin and angiotensin IJ stimulate the rate 
of glycogen degradation in the liver without alter- 
ing the cAMP concentration. Itis thought that one 
possible mechanism of action for these hormones 
involves an increase in the Ca?” concentration in 
the cytoplasm of the liver cell. One source of Ca?* 
may be the mitochondria. Phosphorylase b kinase 
is stimulated by Ca?* and hence the rate of 
conversion of phosphorylase b to phosphorylase a 
increases and the rate of glycogen degradation also 
increases. Many of the details of this mechanism 
remain to be discovered, in particular the 
mechanism whereby the hormones stimulate the 
transfer of Ca?* from mitochondria to cytoplasm. 

Insulin antagonizes the action of all the hor- 
mones mentioned above. Very little is known 
about the mechanism ofaction ofinsulin. However, 
it is known that insulin inactivates glycogen phos- 
phorylase and. phosphorylase b kinase. One 
attractive possibility is that insulin stimulates the 
activity of one or more of the protein phosphatases. 

A more detailed discussion of the hormonal 
regulation of glycogen-metabolism in the liver has 
been given by Hems and Whitton (1980). 


Quantitative aspects of glucose production via the 
gluconeogenic pathway 

When liver glycogen stores are exhausted by 
Starvation or prolonged exercise the only re- 
maining endogenous source of glucose is gluco- 
neogenesis. This pathway for the synthesis of 
glucose is present in the liver and the kidney 
cortex. The major precursors for gluconeogenesis 
are lactate, glycerol and certain amino acids. In the 
case of the liver the amino acid alanine is the major 
gluconeogenic precursor while in the kidney 
cortex the amino acid glutamine is an important 
precursor. In resting human subjects lactate is 
derived from the anaerobic tissues such as red 
blood cells, white blood cells, kidney medulla and 
testis while in exercising human subjects lactate 
may also be derived from the anaerobic respiration 
of glucose in muscle. Glycerol is derived from 
lipolysis in adipose tissue and alanine and 
glutamine are released by muscle following pro- 
tein degradation in this tissue. Hence efficient 
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synthesis of glucose in conditions of carbohydrate 
deprivation requires the integration of metabolism 
in those tisues which supply gluconeogenic pre- 
cursors with the metabolism in those tissues which 
use the precursors for glucose synthesis. Some 
possible mechanisms for achieving this are discus- 
sed in relation to alanine in a later section. Further- 
more, regulatory mechanisms must exist to stimu- 
late the rate of gluconeogenesis in conditions of 
carbohydrate deprivation in order to satisfy the 
demands of tissues which continue to use glucose 
in these circumstances. Some of these mechanisms 
are also discussed below. Some quantitative as- 
pects of glucose production via the gluconeogenic 
pathway are discussed in this section. 

The anaerobic tissues require approximately 
40 g of glucose per day. Since these tissues cannot 
dérive energy from any other source, this require- 
ment for glucose must be met even during pro- 
longed starvation. The lactate released by the 
anaerboic tissues is taken up by the liver and 
converted into glucose via the gluconeogenic path- 
way. The gluccse is then released by the liver and 
taken up again by the anaerboic tissues and 
converted back to lactate via the glycolytic path- 
way. The energy required for the resynthesis of 
glucose from lactate in the liver is provided by fatty 
acid oxidation and hence this cycle maintains the 
supply of glucose to the anaerobic tissues at the 
expense of fatty acids. 

In the early stages of starvation, the brain uses 
about 120g of glucose per day. Once the liver 
glycogen stores are exhausted this glucose must be 
provided by gluconeogenesis. It has been calcu- 
lated that the glycerol released by adipose tissue in 
resting human subjects ig sufficient to support the 
synthesis of about 20 g of glucose per day. The 
remaining 100g per day must, therefore, be 
derived from amino acids such as alanine and 
glutamine and hence ultimately from protein 
degradation in muscle. However,.as has already 
been pointed out, as starvation proceeds the glu- 
cose requirement of the brain decreases to about 
35 g per day because ketone bodies are being 
oxidized in preference to glucose by the brain. Asa 
result amino acids and hence protein degradation 
in muscle need only supply about 15 g of glucose 
after prolonged starvation, thus allowing the con- 
servation of muscle protein. It follows that the 
decline in the rate of gluconeogenesis from amino 
acid precursors must occur in parallel with the 
decline in the rate of glucose utilization by the 
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brain. One possible mechanism for integrating the 
metabolism of these two tissues is suggested 
below. For the moment, however, it may be stated 
that the decrease in the rate of gluconeogenesis 
from amino acids during prolonged starvation is 
mainly the result of a decreased rate of hepatic 
gluconeogenesis from alanine. As a result, as 
starvation proceeds the relative importance of the 
liver as a gluconeogenic organ declines while that 
of the kidney cortex increases. It should be pointed 
out that gluconeogenesis from either glycerol or 
amino acids represents a gain of carbohydrate for 
the body, unlike gluconeogenesis from lactate, 
which merely involves the recycling of carbo- 
hydrate. 


Regulation of gluconeogenesis in the liver 
The gluconeogenic precursors alanine, lactate 
and glycerol can all be converted into inter- 
mediates of the gluconeogenic pathway. Both 
alanine and lactate are converted into pyruvate, 
while glycerol is converted into triose phosphate. 
The gluconeogenic pathway ‘involves the con- 
version of pyruvate into glucose and hence is the 
reverse of the glycolytic pathway. Both pathways 
share enzyme-catalysed reactions which are main- 
tained close to equilibrium in vivo. However, the 
enzyme-catalysed reactions which.are maintained 
far from equilibrium mg vivo are unique to either 
the glycolytic or the gluconeogenic pathway. 
The activities of the enzymes unique to either 
the glycolytic or the gluconeogenic pathways 
oppose each other at three points. The phosphory- 
lation of glucose catalysed by glucokinase in the 
glycolytic pathway is opposed by the hydrolysis of 
glucose-6-phosphate catalysed. by glucose-6- 
phosphatase in the gluconeogenic pathway. The 
phosphorylation of fructose-6-phosphate in the 
glycolytic pathway catalysed by phosphofructo- 
kinase is opposed by the hydrolysis of fructose- 
1,6-diphosphate catalysed by  fructose-1,6- 
diphosphatase in the gluconeogenic pathway. 
Finally, the dephosphorylation of phosphoenol- 
. pyruvate catalysed by pyruvate kinase in the 
glycolytic pathway is opposed by several reactions 
in the gluconeogenic pathway. First, pyruvate is 
carboxylated to form oxaloacetate in the mito- 
chondrion in a reaction catalysed by pyruvate 
carboxylase. In the case of those species which 
possess cytoplasmic phosphoenolpyruvate 
carboxykinase this is followed by transport of 
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oxaloacetate out of the mitochondrion, indirectly 
as either malate or aspartate. Oxaloacetate is then 
reformed in the cytoplasm and finally decarboxy- 
lated and phosphorylated by the enzyme phospho- 
enolpyruvate carboxykinase to form phosphoenol- 
pyruvate. It should be emphasized that the activi- 
ties of the enzymes unique to either glycolysis or 
gluconeogenesis oppose each other only as far as 
the pathway intermediates are concerned. When 
the enzyme-catalysed reactions as a whole are 
compared, it can be seen that they are not simply 
the reverse of one another. 

It has been shown that the enzymes unique to 
either glycolysis or gluconeogenesis are simul- 
taneously catalytically active in the liver cell. This 
has two major consequences for the regulation of 
gluconeogenesis in the liver. First, enzymes such 
as phosphofructokinase and fructose-1,6-diphos- 
phatase, the activities of which oppose one 
another, catalyse substrate cycles and as a result 
the sensitivity of such enzyme-catalysed reactions 
to changes in the concentration of regulator mole- 
cules is increased. Second, changes in the rate of 
gluconeogenesis can be brought about not only by 
changes in the activities of the enzymes unique to 
gluconeogenesis, but also by changes in the 
activities of enzymes unique to glycolysis. For 
example, the hydrolysis of fructose-1,6-diphos- 
phate in the gluconeogenic pathway can be stimu- 
lated not only by an increase in the activity of 
fructose-1,6-diphosphatase, but also by a decrease 
in the activity of phosphofructokinase. Further- 
more, a combination of both effects could be 
involved. Hence the enzymes which catalyse the 
three substrate cycles in the gluconeogenic and 
glycolytic pathways are logical control sites. 

The rate of gluconeogenesis in the liver is 
stimulated by glucagon, catecholamines and 
glucocorticoids and inhibited by insulin. Thus, 
during starvation when the insulin concentration 
in the blood decreases and the concentration of 
glucagon increases, the rate of hepatic gluconeo- 
genesis increases. This mechanism accounts in 
part for the increased rate of hepatic gluconeo- 
genesis during starvation, but is accompanied by 
an increase in the rate of supply of the key 
gluconeogenic precursor alanine from skeletal 
muscle (see later). As might be expected, the 
mechanism of action of glucagon on the gluconeo- 
genic pathway is mediated by an increase in the 
cAMP concentration and an increase. in the 
activity of cAMP-dependent protein kitiase. It has 
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recently been shown that the gluconeogenic 
enzyme fructose-1,6-diphosphatase is phosphory- 
lated by cAMP-dependent protein kinase and 
activated while the glycolytic enzyme phospho- 
fructokinase is phosphorylated by the same 
enzyme and inactivated. As a result, the net rate at 
which fructose-1,6-diphosphate is converted to 
fructose-6-phosphate is stimulated. The glyco- 
lytic enzyme pyruvate kinase is also phosphory- 
lated by cAMP-dependent protein kinase and 
inactivated. As a result, the net rate at which 
pyruvate is converted to phosphoenolpyruvate is 
stimulated. These findings explain in part the 
ability of glucagon to stimulate the rate of hepatic 
gluconeogenesis. However, there is no evidence 
for an effect of glucagon on the activities of either 
glucokinase or glucose-6-phosphatase and hence 
on the net rate of conversion of glucose-6-phos- 
phate to glucose. Additional sites of action of 
glucagon on the hepatic gluconeogenic pathway 
include the transport of alanine across the liver cell 
membrane and the transport of pyruvate across the 
inner mitochondrial membrane. 

Catecholamines probably stimulate the rate of 
gluconeogenesis via cAMP-dependent and 
cAMP-independent mechanisms. The cAMP-de- 
pendent mechanism is presumably similar to that 
already described above for glucagon. The cAMP- 
independent mechanism may be mediated via an 
increase in the cytoplasmic Ca?* concentration 
and an increase in the activity of phosphorylase b 
kinase. Some of the enzymes unique to the glyco- 
lytic or gluconeogenic pathways may be substrates 
for phosphorylase b kinase, although evidence for 
this possibility is at present lacking. Insulin 
antagonizes the action of both glucagon and 
catecholamines on hepatic gluconeogenesis, but 
the mechanism of action of this hormone 1s not 
understood. One site of action of glucocorticoids 
on the gluconeogenic pathway is the enzyme 
phosphoenolpyruvate carboxykinase. In contrast 
to-the effects of catecholamines, glucagon and 
insulin on the rate of gluconeogenesis, the effect of 
glucocorticoids takes longer to develop. This is 
because glucocorticoids increase the activity of 
phosphoenolpyruvate carboxykinase by in- 
creasing the concentration of this enzyme. The 
mechanism of this effect involves an increased rate 
of synthesis of phosphoenolpyruvate carboxy- 
kinase protein as a result of an increased rate of 
synthesis of the mRNA specific for this enzyme. 
Hence glucocorticoids derepress the gene which 
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codes for phosphoenolpyruvate carboxykinase 
synthesis. As a result the net rate at which pyruvate 
is converted to phosphoenolpyruvate is stimulated 
by glucocorticoids. 

'The hormonal regulation of gluconeogenesis in 
the liver has been reviewed recently by Pilkis, Park 
and Claus (1978). 


Alanine synthesis in skeletal muscle 

During the early stages of starvation the rate of 
protein degradation in skeletal muscle is high. 
'This is accompanied by a high rate of release of 
amino acids into the blood. However, the compo- 
sition of the mixture of amino acids released by the 
muscle does not reflect the amino acid composition 
of muscle protein. Thus, measurements of arterio- 
venous concentration differences of amino acids 
across human muscle during starvation show that 
about 60% of the total amino acid released by 
muscle is either alanine or glutamine. By contrast, 
other amino acids such as valine, leucine, 
isoleucine, glutamate and aspartate are released in 
smaller amounts than would be expected from the 
known composition of muscle protein (Felig, 
1975). These observations suggest that alanine and 
glutamine are synthesized in muscle during star- 
vation and that possible sources of the nitrogen 
and carbon necessary for these syntheses are the 
other amino acids. 

Alanine synthesis in muscle involves the trans- 
amination of pyruvate and, therefore, requires a 
source of pyruvate and a source of amino groups. 
These amino groups are ultimately derived from 
those aminoacids which are metabolized in muscle 
such as leucine, isoleucine, valine and glutamate. 
Therefore, one factor which will control the rate of 
alanine synthesis will be the rate of supply of 
amino groups, some of which will ultimately be 
provided by the transamination of leucine. These 
considerations have recently prompted research 
into factors which regulate the rate of leucine 
degradation in muscle. It has been established that 
the most likely control point in this pathway is 
the multienzyme complex a-ketoisocaproate de- 
hydrogenase, which catalyses a reaction analogous 
to that catalysed by the pyruvate dehydrogenase 
multienzyme complex. However, such investi- 
gations have not progressed far enough for an 
account of the regulation of leucine degradation 
and hence of amino group supply to be given at the 
present time. Nevertheless, it is likely that factors 
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which regulate o-ketoisocaproate dehydrogenase 
activity will in turn influence the rate of alanine 
synthesis. 

There are two possible sources of pyruvate for 
alanine synthesis in muscle. In the fed animal, 
glucose may provide the necessary pyruvate via the 
pathway of glycolysis. The pyruvate is trans- 
aminated to form alanine, which is then released 
into the blood. The liver takes up the alanine, 
removes the amino group which is used for urea 
synthesis and converts the pyruvate to glucose via 
the pathway of gluconeogenesis. The glucose is 
then released into the blood and taken up by 
muscle. This cycle is referred to as the 
glucose-alanine cycle. It must be emphasized that 
the cycle as described above does not represent a 
gain of carbohydrate to the body, but rather 
recycles carbohydrate. One result of the operation 
of this cycle is the transfer of amino groups from 
muscle to the liver, which is the only organ in the 
body capable of urea synthesis. Hence the function 
of the glucose—alanine cycle in the fed animal may 
be to allow the oxidation of amino acids such as 
leucine in muscle after a high protein meal without 
the accumulation of toxic ammonia. 

During conditions of carbohydrate deprivation, 
however, the concept of the glucose-alanine cycle 
must be modified to allow net synthesis of glucose. 
Hence, in the early stages of starvation, muscle 
protein must be converted into glucose in order to 
maintain a supply of about 120 g of glucose to the 
brain per day. Under these circumstances 
pyruvate must be derived from the carbon skele- 
tons of other amino acids. Amino acids such as 
valine, isoleucine, aspartate and glutamate can be 
degraded via specific pathways to intermediates of 
the tricarboxylic acid cycle. These intermediates 
will give rise to oxaloacetate which can be conver- 
ted into phosphoenolpyruvate by the enzyme 
phosphoenolpyruvate carboxykinase, which is 
present in muscle (Newsholme and Williams, 
1978). The phosphoenolpyruvate is then con- 
verted into pyruvate by the enzyme pyruvate 
kinase and the pyruvate transaminated to form 
alanine. Oxidation of pyruvate by muscle is pre- 
vented during starvation because the multienzyme 
complex pyruvate dehydrogenase is inhibited as 
described earlier. Because this enzyme is 
inhibited, only those amino acids such as leucine 
which can be degraded to acetyl-CoA without 
prior conversion to pyruvate can be oxidized by 
muscle during starvation. 
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Integration of alanine production in muscle and 
alcnine utilization in the liver 

The rate of glucose synthesis from alanine in the 
liver is regulated not only by hormones, but also by 
the rate of supply of alanine from skeletal muscle. 
This situation arises because the capacity of the 
liver to synthesize glucose from alanine is never 
saturated by physiological concentrations of ala- 
nine. As a result, the greater the plasma alanine 
concentration, the greater the rate of gluconeo- 
genesis in the liver. Hence any factor which 
changes the rate of protein degradation in muscle 
will also change the rate of glucose production 
from alamine in the liver. The flux-generating step 
for gluconeogenesis from alanine in the liver, 
therefore, may be one of the enzyme-catalysed 
reactionsin muscle concerned with the production 
of this emino acid. The identity of this flux- 
generatirg step remains to be established, but is 
possibly the protease(s) responsible for the 
hydrolysts of muscle protein during starvation. 

The link between muscle and liver metabolism 
is provided by the plasma concentration of alanine. 
In the later stages of starvation when the rate of 
protein degradation in muscle decreases in order to 
conserve vital muscle protein, there is a corre- 
sponding decrease in the rate of release of alanine 
from muscle. As a result, the rate of gluconeo- 
genesis from alanine in the liver decreases. A 
decline ir the rate of glucose production by the 
liver in the later stages of starvation is possible 
because the brain oxidizes ketone bodies in prefer- 
ence to glucose and hence the demand for glucose 
decreases. The question arises, therefore, as to the 
identity of the metabolic signal responsible for 
reducing the rate of protein degradation in parallel 
with the decrease in the rate of glucose utilization 
by the brein. 


The role of ketone bodies in integrating the 
metabolism of muscle, liver and brain during 
starvation 

ln the later stages of starvation the rate of 

glucose utilization by the brain decreases as a 

result of the oxidation of ketone bodies. This 

process is eccompanied by a decrease in the rate of 
protein dezradation in muscle, a decrease in the 

plasma alanine concentration and consequently a 

decrease in the rate of hepatic glucose synthesis. It 

is importart that the decrease in the rate of glucose 
utilization >y the brain is regulated in relation to 
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the decrease in the rate of degradation of muscle 
protein which is the ultimate source of this glu- 
cose. Recent studies suggest that ketone bodies 
directly inhibit the rate of protein degradation in 
muscle and the rate of alanine release into the 
blood. Thus infusion of alanine into patients 
recovering from surgery increases the plasma 
ketone body concentration and reduces urinary 
nitrogen excretion (Hoover et al, 1975). 
Conversely, infusion of ketone bodies into starving 
human subjects reduces the plasma alanine con- 
centration and reduces urinary nitrogen excretion 
. (Sherwin, Hendler and Felig, 1975). 

This role of ketone bodies as metabolic signals 
suggests a mechanism whereby the metabolism of 
muscle, liver and brain can be integrated during 
starvation. An increase in the blood ketone body 
concentration such as occurs during starvation will 
inhibit both the rate of glucose utilization in the 
brain and the rate of protein degradation in muscle 
which is the ultimate source of this glucose. The 
biochemical mechanism of the effect of ketone 
bodies on the rate of protein degradation in muscle 
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Fic. 2. The role of ketone bodies in the integration of carbohydrate, fat and protein metabolism. 
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has not been well studied. However, it has been 
shown that the intracellular concentration of the 
branched-chain amino acids and in particular of 
leucine increases the rate of protein synthesis and 
independently decreases the rate of protein de- 
gradation in muscle. Thus, when the intracellular 
concentration of leucine is high the rate of protein 
degradation in muscle will be low. One way of 
increasing the leucine concentration in muscle is to 
inhibit the rate of its oxidation. It has been shown 
that ketone bodies inhibit the oxidation of the 
branched-chain amino acids leucine, isoleucine 
and valine in muscle. It has already been suggested 
that the likely point of control in the pathway of 
leucine oxidation in muscle is the reaction cata- 
lysed by the a-ketoisocaproate dehydrogenase 
multienzyme complex. Hence it is possible that 
ketone bodies may either directly or indirectly 
inhibit the activity of this enzyme and in so doing 
reduce the rate of protein degradation in muscle. 
Therefore, the regulatory properties of a-keto- 
isocaproate dehydrogenase may be of crucial im- 
portance in mediating the effect of ketone bodies 
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Fic 3. The roles of muscle, small intestine, liver and kidney cortex in the metabolism of alanine and glutamine. 


on the rate of protein degradation in muscle. These 
regulatory properties are currently being studied 
(Parker and Randle, 1980). 

The topics covered in the previous three sections 
of this article have been discussed recently in more 
detail by Snell (1980). The role of ketone bodies in 
the integration of carbohydrate, fat and protein 
metabolism in the whole animal is illustrated in 
figure 2. 


The physiological significance of glutamine 

During starvation glutamine is released by 
skeletal muscle in larger amounts than would be 
expected from the known composition of muscle 
protein (Felig, 1975). This observation implies 
that muscle: synthesizes and releases glutamine 
during starvation. Glutamine is synthesized from 
glutamate in a reaction catalysed by the enzyme 
glutamine synthetase. Glutamate is synthesized by 
the transamination of-a-ketoglutarate, which is in 
turn derived from the tricarboxylic acid cycle. Net 
synthesis of a-ketoglutarate can be achieved by 
condensation .of acetyl-CoA and oxaloacetate to 
form citrate, which is converted to a-ketoglutarate 
Via ‘reactions of the cycle. "The ultimate source of 
this acetyl-CoA and oxaloacetate is the carbon 
skeletons of amino acids which are metabolized by 
muscle. Thus the acetyl-CoA could be derived 
from the degradation of leucine and the oxalo- 
acetate from the degradation of asparate. Both 
these amino acids are known to be degraded by 
skeletal muscle. The source of nitrogen for gluta- 
mine synthesis in muscle is controversial. How- 
ever, one suggestion is that the purine nucleotide 


cycle provides the necessary nitrogen (Lowenstein 
and Goodman, 1978). 

During non-acidotic conditions the glutamine 
released by skeletal muscle is taken up from the 
blood by the small intestine. It has recently been 
shown that circulating glutamine is a major res- 
piratory substrate for the small intestine in vivo 
(Windmueller and Spaeth, 1978). One major end- 
product of glutamine metabolism in the small 
intestine is alanine. Hence under non-acidotic 
conditions some of the glutamine released by 
Skeletal muscle is converted into alanine by the 
small intestine, released into the blood and then 
converted into glucose by the liver. 

During acidotic conditions such as starvation 
the glutamine released by skeletal muscle is taken 
up from the blood by the kidney cortex. In the 
kidney cortex, glutamine is converted into gluta- 
mate in a reaction catalysed by the enzyme gluta- 
minase. The enzyme glutamate dehydrogenase 
then oxidatively deaminates glutamate to a-keto- 
glutarate. In both these enzyme-catalysed re- 
actions arnino groups are lost as ammonia and the 
production of ammonia enables the kidney to 
buffer protons produced in acidotic conditions and 
hence prevents a decrease in the pH of the urine 
(Pitts, 1271). The a-ketoglutarate formed from 
glutamine degradation in the kidney cortex is 
converted into oxaloacetate, an intermediate of the 
gluconeogenic pathway, via reactions of the tri- 
carboxylic acid cycle. Hence the carbon skeleton of 
glutamine is used for glucose synthesis in this 
tissue during acidotic conditions. 

As previously mentioned, the kidney cortex 
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becomes the more important gluconeogenic organ 
after prolonged starvation since the rate of gluco- 
neogenesis from alanine in the liver decreases. 
Two possible mechanisms may maintain the sup- 
ply of glutamine to the kidney cortex during 
prolonged starvation. First, as starvation proceeds 
the rate of glutamine uptake by the kidney cortex 
may progressively increase while the rate of uptake 
by the small intestine of this amino acid may 
decrease. Second, the rate of release of glutamine 
by skeletal muscle, unlike the rate of release of 
alanine by this tissue, may not be reduced during 
prolonged starvation. These o possible 
mechanisms require further study. 

The roles of muscle, small intestine, liver and 
kidney cortex in the metabolism of alanine and 
glutamine are summarized in figure 3. 
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MECHANISMS OF HORMONE ACTION 


J. C. STANLEY 


Circulating hormones play an important role in 
regulating the flux through metabolic pathways. 
In general, hormones regulate either the activity of 
key enzymes of metabolism or the activity of 
protein transport systems such as those found in 
the plasma membrane and in the inner mito- 
chondrial membrane. Little is known about the 
mechanism of action of hormones on transport 
systems, so the discussion in this article will be 
confined to the mechanism of action of hormones 
on key enzymes of metabolism. 

Hormones regulate the activity of key enzymes 
of metabolism in two ways. Many hormones whose 
effects on metabolism develop relatively rapidly 
(for example glucagon or adrenaline) regulate the 
activities of enzymes via covalent modifications 
such as the phosphorylation or dephosphorylation 
of specific serine residues of the enzyme protein. 
Such alterations in the phosphorylation state of the 
enzyme are brought about by changes in the 
activities of either protein kinases which catalyse 
phosphorylation reactions or phosphoprotein 
phosphatases which catalyse dephosphorylation 
reactions. Phosphorylation or dephosphorylation 
change the kinetic properties of enzymes in one of 
two ways: either the maximal catalytic activity of 
the enzyme changes or the affinity of the enzyme 
for its substrates, activators or inhibitors changes. 
As a result, the flux through the enzyme-catalysed 
reaction changes in response to the hormone. It is 
likely that other covalent modifications such as the 
adenylation and deadenylation of specific tyrosine 
residues also occur in mammalian cells, but so far 
this covalent modification has been studied only 
with bacterial enzymes. 

Other hormones whose effects on metabolism 
develop relatively slowly (such as steroid hor- 
mones or thyroid hormones) regulate the activities 
of key enzymes of metabolism via changes in the 
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concentration of enzyme protein. Such changes in 
enzyme concentration are brought about by alter- 
ations in either the rate of enzyme synthesis or the 
rate of enzyme degradation. Changes in the rate of 
enzyme synthesis could, in principle, be caused 
either by changes in the rate of mRNA synthesis, 
that is transcription control, or by changes in the 
rate of mRNA utilization for protein synthesis, 
thatis translation control. Changes in the rate ofan 
enzyme's degradation may involve alterations in 
the activity of a specific protease or changes in the 
susceptibility of the enzyme to proteolysis. All 
these processes are potential sites of action of 
hormones. 

There are two general mechanisms of hormone 
action. Some hormones such as glucagon bind to 
protein receptors which are located on the surface 
of the target cell membrane. Binding of these 
hormones to their cell surface receptors causes a 
change in the concentration of a specific intra- 
cellular molecule known as a second messenger 
which mediates the effects of the hormone on the 
metabolism of the target cell. Cyclic AMP has been 
identified as the second messenger for glucagon 
action on the liver and adrenaline action on 
muscle. By contrast, the protein receptors for 
steroid hormones such as glucocorticoids are lo- 
cated in the cytoplasm of the target cell and hence a 
mechanism must exist to enable the cell to take up 
the hormone. Binding of steroid hormones to their 
cytoplasmic receptors is followed by translocation 
of the complex to the nucleus, which is the site of 
action of these hormones. 

In this article the role of cyclic AMP as the 


“second messenger for glucagon action on the liver 


and adrenaline action on muscle is described first. 
Some recent developments in our understanding 
of the mechanism of action of adrenaline on liver 
metabolism are then discussed. Next some ideas 
concerning the mechanism of action of insulin are 
discussed in relation to the effect of this hormone 
on the rate of glycogen synthesis in muscle. 
Finally, the mechanism of action of hormones such 
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as glucocorticoids which regulate the concen- 
tration of enzymes suck as phosphoenolpyruvate 
carboxykinase and tyrosine aminotransferase is 
described. 


Cyclic AMP and the mechanisms of action of 
glucagon on liver metabolism and adrenaline on 
muscle and adipose tissue metabolism 

Glucagon regulates the flux through a number 
of metabolic pathways in the liver. Thus, glucagon 
stimulates the rates of glycogen breakdown, gluco- 
neogenesis and ketogenesis and inhibits the rates 
of glycogen synthesis and fatty acid synthesis in 
this tissue. It seems that many, if not all, of these 
effects are mediated exclusively by cyclic AMP- 
dependent phosphorylation mechanisms. 

Circulating glucagon binds to a protein receptor 

on the surface of the liver cell membrane. The 
resultant hormone-receptor complex then in- 
. teracts with the membrane-bound enzyme adenyl- 
cyclase and activates it. This enzyme converts 
cytoplasmic ATP into cyclic AMP which is the 
second messenger for glucagon action. As a result, 
the binding of glucagon to its receptor increases 
the cytoplasmic concentration of cyclic AMP. 

However, the intracellular concentration of 
cyclic AMP is not determined solely by the activity 
of adenyl cyclase. The membrane-bound enzyme 
phosphodiesterase converts cyclic AMP into AMP 
and hence, when active, this enzyme will tend to 
decrease the cytoplasmic cyclic AMP concen- 
tration. One factor which increases the activity of 
phosphodiesterase is insulin. As a result, insulin 
can decrease cyclic AMP concentrations in the 
liver previously increased by glucagon though it 
should be stressed that insulin has no effect on 
basal cyclic AMP concentrations. This effect of 
insulin explains in part its ability to antagonize the 
effects of glucagon on liver metabolism. 

An increase in the cytoplasmic cyclic AMP 
concentration in the liver causes the activation of 


the enzyme cyclic AMP-dependent protein kinase. ` 


This enzyme is a tetramer consisting of two 
regulatory subunits and two catalytic subunits. 
When the regulatory subunits are bound to the 
catalytic subunits the enzyme is inactive. Cyclic 
AMP binds to the regulatory subunits and causes 
dissociation of the enzyme to form free catalytic 
subunits which are catalytically active. Hence, in 
the presence of cyclic AMP, the catalytic subunit 


., Ofcyclic AMP-dependent protein kinase can phos- 


phorylate those key enzymes of metabolism which 
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are its substrates using the terminal phosphate 
group of ATP. Enzymes which are substrates for 
cyclic AMP-dependent protein kinase are charac- 
terized by the possession of a short amino acid 
sequence which is recognized by the kinase. Other 
factors may regulate the activity of cyclic AMP- 
dependent protein kinase, since an inhibitor pro- 
tein for the kinase has been isolated from liver. 
Factors which regulate the ability of this protein to 
inhibit the Kinase remain to be identified. 

Enzymes which are substrates for cyclic AMP- 
dependent protein kinase in the liver are con- 
stantly being identified. Two key enzymes of 
glycogen metabolism are phosphorylated by the 
kinase, namely glycogen synthase, which is in- 
hibited, and phosphorylase b kinase, which is 
activated, thus explaining the ability of glucagon 
to inhibit glycogen synthesis and stimulate glyco- 
gen degradation. Pyruvate kinase and phospho- 
fructokinase are phosphorylated and inhibited 
while fructose-1, 6-diphosphatase is phosphory- 
lated and activated. As a result glucagon stimulates 
the rate of gluconeogenesis in the liver. T'wo key 
enzymes of fatty acid synthesis, namely ATP 
citrate lyase and acetyl-CoA carboxylase, are 
phosphorylated and inhibited and as a result 
glucagon inhibits the flux through this pathway. 
Since there are many other substrates for cyclic 
AMP-dependent protein kinase in the liver, mech- 
anisms must exist to determine which of these 
enzymes are preferentially phosphorylated in dif- 
ferent physiological conditions. Such mechanisms 
are currently under investigation. 

Adrenaline stimulates the rate of glycogen de- 
gradation and inhibits the rate of glycogen syn- 
thesis in muscle via cyclic AMP-dependent phos- 
phorylation mechanisms. This contrasts with the 
mechanism of action of adrenaline on glycogen 
metabolism .in the liver (see next section). In 
muscle, glycogen synthase and phosphorylase b 
kinase are again substrates for cyclic AMP-depen- 
dent protein kinase, thus explaining the effect of 
adrenaline on glycogen metabolism in this tissue. 
In adipose tissue the enzyme triglyceride lipase is 
phosphorylated by the kinase and activated, thus 
explaining the ability of adrenaline to stimulate the 
rate of lipolysis in this tissue. 

Further details of cyclic AMP-dependent phos- 
phorylation mechanisms and their relationship to 
the mechanism of action of adrenaline and gluca- 
gon on metabolism can be found in Nimmo and 
Cohen (1977). 
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Catecholamines, vasopressin and angiotensin II and 
Ca?* movements 

The catecholamines adrenaline and nor- 
adrenaline stimulate the rate of glycogen break- 
downin muscle and liver by different mechanisms. 
In muscle, adrenaline stimulates the activity of 
adenyl cyclase, increases the concentration of 
' cyclic AMP and activates cyclic AMP-dependent 
protein kinase. This initiates the series of events 
described in the previous section, which results in 
the inhibition of glycogen synthesis and the stimu- 
lation of glycogen breakdown in muscle. Further- 
more, it has been shown that the effect of adrena- 
line on glycogen metabolism in muscle is mediated 
exclusively by this cyclic AMP-dependent mech- 
anism (Dietz et al., 1980). This mechanism for 
adrenaline action is referred to as the B-adrenergic 
effect and is initiated by the binding of adrenaline 
to B receptors located on the surface of the muscle 
cell membrane. 


Jt has been shown that adrenaline stimulates the ` 


rate of glycogen breakdown in the liver by a cyclic 
AMP-independent mechanism, since compounds 
such as propranolol, which bind to and block the $ 
receptors, do not interfere with this effect (Sher- 
line, Lynch and Glinsmann, 1972). Adrenaline 
binds to a second class of receptors, located on the 
surface of the liver cell membrane, known as « 
receptors. It has recently become apparent that o- 
adrenergic effects on the liver are mediated by a 
Ca?* -dependent mechanism and that other hor- 
mones such as vasopressin and angiotensin II also 
stimulate glycogen breakdown in this tissue by a 
Ca?* -dependent mechanism. 

Adrenaline increases the cytoplasmic Ca?* con- 
centration in the liver cell. Possible sources of 
Ca?* include the extracellular fluid or intracellular 
organelles such as the mitochondria or the endo- 
plasmic reticulum. It has been shown that adrena- 
line stimulates the efflux of Ca?* from intracellular 
sources and the efflux of Ca?* from the liver cell 
(Blackmore et al, 1978). Furthermore, recent 
results suggest that the mitochondria are the most 
important intracellular source of Ca?* in liver 
cells, although a role for the endoplasmic reticu- 
lum has not been ruled out (Blackmore, Dehaye 
and Exton, 1979). Hence binding of adrenaline to 
a ‘receptors on the surface of the liver cell mem- 
brane must in some way stimulate the efflux of 
Ca?* from the mitochondria (see below). 

Treatment of liver cells with adrenaline stimu- 
lates the phosphorylation of a number of enzymes 
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including glycogen phosphorylase, glycogen syn- 
thase and pyruvate kinase (Garrison et al., 1979). 
This finding explains the ability of adrenaline to 
stimulate glycogen breakdown, inhibit glycogen 
synthesis and stimulate the rate of gluconeogenesis 
in the liver. Since adrenaline acts via a Ca?*- 
dependent, cyclic AMP-independent mechanism, 
then a Ca**-dependent protein kinase must be 
responsible for these phosphorylations rather than 
cyclic AMP-dependent protein kinase. Phos- 
phorylase 6 Kinase is the best studied example 
of a Ca?*-dependent protein kinase. However, 
this enzyme has yet to be purified to homogeneity 
from liver (Vandenheede, De Wulf and 
Merlevede, 1979) and as a result no direct evidence 
exists for the phosphorylation of glycogen phos- 
phorylase, glycogen synthase or pyruvate kinase 
by phosphorylase b kinase from liver. By contrast, 
phosphorylase b kinase from skeletal muscle has 
been purified to homogeneity and its structure 
determined. It is known that this enzyme contains 
a ô subunit capable of binding Ca?*. Binding of 
Ca?* to this regulatory subunit activates phos- 
phorylase b kinase (Shenolikar et al., 1979). The 6 
subunit is identical to the protein calmodulin, the 
presence of which confers Ca?* sensitivity on a 
number of biochemical processes. It is likely that 
phosphorylase b kinase from liver also contains 
calmodulin and hence that this enzyme is the 
Ca?* -dependent protein kinase which mediates a- 
adrenergic effects on glycogen metabolism and 
gluconeogenesis in this tissue. 

The primary response of the liver cell to the 
binding of adrenaline to the o receptors remains to 
be established. Nevertheless, it has been shown 
that a-adrenergic stimulation of the liver is associ- 
ated with the breakdown of the phospholipid 
phosphatidyl inositol (see Michell, Kirk and 
Billah, 1979). It is likely that the site of phospha- 
tidyl inositol breakdown in the liver cell is the 
plasma membrane, whereas resynthesis of this 
phospholipid is associated with the endoplasmic 


. reticulum. The products of phosphatidyl! inositol 


breakdown remain to be precisely characterized, 
but one of these products is myoinositol 1,2 cyclic 
phosphate. It has been suggested that this com- 
pound is the true second messenger for a- 


adrenergic effects on the liver, although evidence 


for this proposal has yet to be provided. However, 
it has been shown that the increase in the Ca?* 
concentration in the cytoplasm is secondary to the 
breakdown of phosphatidyl inositol and that the 
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two events are in some way coupled, although the 
link between them has yet to be identified. Hence, 
if myoinositol 1,2 cyclic phosphate is the true 
second messenger for a-adrenergic effects, then 
this molecule must in some way stimulate efflux of 
Ca?* from the mitochondria. It is apparent from 
the above discussion that more work is needed 
before the precise mechanism of a-adrenergic 
effects on liver metabolism is established. f 

More details of the mechanism of «-adrenergic 
effects on liver metabolism are given by Exton 
(1980). 


The mechanism of insulin action 

Insulin is often spoken of as the major anabolic 
hormone of the body because it stimulates the 
synthesis of glycogen, lipids and protein in a 
number of tissues. Despite a considerable amount 
of research into the problem, the mechanism of 
action of insulin on metabolism remains to ‘be 
established. Nevertheless, a number of mechan- 
isms have been suggested to account for the actions 
of insulin on metabolism, but none of these are 
very satisfactory. For a discussion of the various 
mechanisms suggested, the reader is referred to a 
recent review by Czech (1977). Itis notintended to 
repeat the information in that review here, but 
rather to discuss the mechanism of action of 
insulin in relation to one of the better understood 
examples of this hormone’s effects on metabolism. 

Insulin stimulates the rate of glycogen synthesis 
in skeletal muscle. The site of action of insulin is 
the enzyme glycogen synthase, which exists in two 
forms in skeletal muscle, namely a phosphorylated 
form which is less catalytically active and a de- 
phosphorylated form which is more catalytically 


active. It.has been shown that administration of 


insulin in vivo stimulates the activity of glycogen 
synthase and that this effect can be explained by 
dephosphorylation of the enzyme (Roach, Rosell- 
Perez and Larner, 1977). This finding suggests 
that insulin either stimulates the activity of a 
phosphoprotein phosphatase or inhibits the acti- 
vity of a protein kinase. Available evidence favours 
the former mechanism. 

The identity of the phosphoprotein phosphatase 
which dephosphorylates glycogen synthase has 
been established and its regulatory properties 
studied. A protein has been isolated from skeletal 
muscle which is phosphorylated by cyclic AMP- 
dependent protein kinase in response to the 
administration of adrenaline in vivo (Foulkes and 
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Cohen, 1979). When phosphorylated, this protein 
inhibits the Activity of the phosphatase and is 
therefore referred to as an inhibitor protein. In 
addition it has been shown that administration of 
insulin'in vivo causes the dephosphorylation of the 
protein (Foulkes, Jefferson and Cohen, 1980). Asa 
result, the protein no longer inhibits the phospha- 
tase, which is therefore able to dephosphorylate ' 
glycogen synthase and hence activates this 
enzyme. It is likely that, in vivo this protein is a 
regulatory subunit of the phosphoprotein phos- 
phatase which has become detached from the 
phosphatase during its purification from muscle. 

Since insulin stimulates the dephosphorylation 
of the inhibitor protein, a second phosphoprotein 
phosphatase may be involved in mediating the 
effects of insulin on glycogen synthase in skeletal 
muscle. The identity of this second phospho- 
protein phosphatase and the nature of the factors 
which regulate its activity remain to be es- 
tablished. However, itis tempting to speculate that 
insulin stimulates the activity of this second phos- 
phoprotein phosphatase by changing the intra- 
cellular concentration of a small molecule which is 
the second messenger for insulin action. 

Possible mechanisms of action of insulin on 
glycogen synthesis in skeletal muscle have recently 
been reviewed by Cohen, Nimmo and Proud 
(1978). 


The regulation of enzyme concentration by hormones 

In the liver the amino acid tyrosine is degraded 
via a specific metabolic pathway to give aceto- 
acetate and fumarate. Since fumarate can be 
converted into glucose via the pathway of gluco- 
neogenesis, then tyrosine is both a glucogenic and 
a ketogenic amino acid. The first step in the 
pathway of tyrosine degradation in the liver is 
catalysed by the enzyme tyrosine aminotrans- 
ferase. It is likely that the activity of this enzyme 
controls the flux through the pathway as a whole. 
'The hormonal regulation of tyrosine aminotrans- 
ferase concentration has been studied intensively. 

Glucagon, insulin and glucocorticoids all in- 
crease the concentration of liver tyrosine amino- 
transferase as measured immunochemically. 


. However, it appears that these hormones may act 


by different mechanisms. The induction of tyro- 
sine aminotransferase activity by the glucocorti- 
coid dexamethasone is characterized by a 1—2 h lag 
period and is accompanied by an increase in the 
rate of synthesis of mRNA specific for the enzyme 
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and in the rate of synthesis of enzyme protein 
(Olson, Thompson and Granner, 1980). The 
ability of glucagon to induce tyrosine aminotrans- 
ferase activity may be dependent upon the simul- 
taneous availability of glucocorticoids. This is the 
so-called permissive effect of glucocorticoids. It is 
thought that glucocorticoids act first to increase 
the concentration of mRNA specific for tyrosine 
aminotransferase and that the subsequent uti- 
lization of this mRNA is controlled by a cyclic 
AMP- and hence glucagon-sensitive mechanism 
(Ernest, Chen and Feigelson, 1977). By contrast, 
it has recently been shown that insulin selectively 
inhibits the rate of tyrosine aminotransferase 
degradation in the liver (Spencer et al., 1978). 

As previously discussed, the enzyme phospho- 
enolpyruvate carboxykinase catalyses one of the 
key reactions of the gluconeogenic pathway. The 
concentration of this enzyme as measured by 
immunochemical techniques is regulated by hor- 
mones such as glucagon, insulin and glucocorti- 
coids. Thus the glucocorticoid dexamethasone 
increases the rate of synthesis of phosphoenol- 
pyruvate carboxykinase. By using inhibitors of 
RNA and protein synthesis, it has been established 
that glucagon increases the rate of enzyme protein 
synthesis via changes in the cyclic AMP concen- 
tration at a post-transcriptional site. Insulin pre- 
vents the increased rate of enzyme protein syn- 
thesis in response to glucagon or glucocorticoids 
(see Gunn et al., 1975, for details). Hence insulin 
has opposite effects on the rates of synthesis of 
phosphoenol pyruvate carboxykinase and tyrosine 
aminotransferase. 
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ENDOCRINE AND METABOLIC CHANGES DURING SURGERY: 
ANAESTHETIC IMPLICATIONS 


C. TRAYNOR AND G. M. HALL 


Surgical procedures evoke an endocrine response 
which results in substrate mobilization, a change 
in metabolism towards catabolism with a negative 
nitrogen balance and retention of salt and water. 
The magnitude of this response is proportional to 
the severity of the operative trauma. Intra- 
abdominal procedures are associated with a much 
greater response than body surface surgery 
(Clarke, 1970; Clarke, Johnston and Sheridan, 
1970) and cardiac surgery with cardiopulmonary 
bypass induces profound hormonal and 
biochemical changes (Stanley et al., 1979). 

There is a vast and often conflicting literature on 
the hormonal and metabolic response to surgery. 
The purpose of this short article 1s not to present a 
complete review of the subject but rather to 
provide the necessary background information to 
enable the results described in more detailed 
studies to be readily interpreted. 


Hormones. 

The initial response to surgical trauma is an 
increase in the circulating concentrations of the 
catabolic hormones such as catecholamines, 
glucagon and cortisol and a concomitant decrease 
in plasma concentrations of the anabolic 
hormones, insulin and testosterone. The plasma 
concentration of cyclic AMP, the common 
intracellular second messenger for hormones with 
f-adrenergic agonist activity, has been shown to 
increase in proportion to the severity of the 
surgery (Nistrup Madsen et al., 1976). It is not 
known precisely which hormones are responsible 
for this increase in plasma cyclic AMP, but 
Nistrup Madsen and colleagues (1978) have shown 
a good correlation between changes in plasma 
adrenaline and cyclic AMP values. 
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Catecholamines. There are conflicting opinions 
on the role of circulating catecholamines as 
mediators of the metabolic response to surgery. 
This is a result, at least in part, of the recent 
introduction of radioenzymatic assay techniques 
the sensitivity and specificity of which render the 
older fluorimetric methods obsolete. Plasma 
catecholamines obtained with the fluorimetric 
method will not be discussed. 

Abdominal surgery produces an increase in 
plasma noradrenaline and adrenaline values 
(Halter, Pflug and Porte, 1977), whereas pelvic 
surgery is associated with an increase in plasma 
adrenalire alone (Nistrup Madsen et al., 1978; 
Engquist et al., 1980). It is of interest that in both 
types of surgery the greatest change in adrenaline 
values was found after the termination of 
anaesthesia. Cryer and colleagues (Silverberg et 
al., 1978; Clutter et al., 1980) have attempted to 
define the circulating concentrations of 
catecholamines required to produce metabolic and 
haemodynamic effects by infusing varying 
concentrations of these agents into normal 
subjects. Their results suggest that circulating 
noradrenaline values during surgery are unlikely 
to cause any metabolic changes, but this does not 
exclude the possibility of a localized increase in 
sympathetic efferent activity. On the other hand, 
plasma adrenaline concentrations during surgery 
are similarto those at which changes in heart rate, 
arteria! pressure, blood glycerol, blood lactate and 
plasma glucose occur. 

Another method of assessing the importance of 
sympathoadrenal stimulation during surgery is to 
investigate the effects of a- and fP-adrenergic 
blockade. Cooper and others (1980) have recently 
investigated the effect of B-adrenergic blockade 
with propranolol during pelvic surgery, and found 
little effect on the overall metabolic response. This 
result casts doubt on the relevance of the increases 
in plasma adrenaline described above. Allison, 
Tomlin and Chamberlain (1969) examined the 
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effects of phentolamine on glucose tolerance 
during surgery, but failed to observe any beneficial 
effects of a-adrenergic blockade. 

The opinion of Butler and colleagues (1977) that 
the ideal method of assessing the individual 
catecholamine response to surgery has yet to be 
defined, is undoubtedly still válid. 


Cortisol and ACTH. The plasma cortisol 
concentration shows a rapid increase in response 
to surgical stimulation and remains greater than 
basal values for a variable time after operation 
(Lush et al., 1972; Gordon, Scott and Percy Robb, 
1973). The magnitude and duration of this 
increase correlate well with the severity of the 
surgical trauma. Increased cortisol production is 
secondary to a preceding increase in ACTH 
secretion (Oyama and Takiguchi, 1970a), but the 
plasma ACTH concentration is far greater than 
that required to produce a maximal adrenocortical 
response (Thoren, 1974), In addition, the normal 
pituitary-adrenocortical feedback mechanism is 
no longer effective as both hormones remain 
increased simultaneously. The administration of 
ACTH during surgery produces no further 
increase in plasma cortisol, and corticosteroid 
administration in the period after operation does 
not abolish the ACT H-cortisol response (T horen, 
1974). 

'The urinary excretion of cortisol metabolites, 
l7-oxogenic steroids, is increased for 34 days 
after surgery, and values are further increased and 
excretion prolonged if surgical complications 
arise. The urinary 17-oxosteroid excretion, 
derived mainly from adrenal androgens, hardly 
changes after surgery (Johnston, 1964), but it is 
not known whether this reflects altered ACTH 
control or changes in hormonal utilization. 

The administration of large doses of 
hydrocortisone or ACTH to normal subjects is 
associated with the occurrence of hyperglycaemia, 
protein degradation, sodium and water retention 
and potassium loss; that is, manv of the features of 
the metabolic response to surgery. However, the 
increased cortisol concentrations during surgery 
are now considered to have a “permissive” effect 
rather than a direct causative role. For example, 
the severe hyperglycaemia of upper abdominal and 
thoracic surgery can be markedly decreased in the 
presence of a normal adrenocortical response 
(Bromage, Shibata and Willoughby, 1971). 
Adrenalectomized patients maintained on 
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constant doses of glucocorticoids develop a 
negative nitrogen balance after operation 
(Johnston, 1964), although the effect of steroid 
replacement on plasma cortisol values was not 
stated. 


Growth hormone has mixed anabolic and 
catabolic effects. It promotes amino acid and 
protein synthesis, has lipolytic properties and at 
high concentration is diabetogenic (Oyama and 
Takiguchi, 1970b). An increase in plasma growth 
hormone concentration has been reported during 
surgery (Carstensen et al., 1972; Hall et al., 1978), 
but this response is not maintained into the period 
after operation even after cardiac surgery 
(Charters, Odell and Thompson, 1969; Brandt et 
al., 1976a; Brandt et al., 1978). In non-stressful 
states, growth hormone secretion is suppressed by 
the administration of glucose and stimulated by 
hypoglycaemia (Williams, 1968). 

Activation of the  hypothalamic-anterior 
pituitary axis is responsible for the increased 
plasma growth hormone values found during 
surgery, and the inability of the hyperglycaemia of 
surgery to modulate hormone secretion is another 
example of the failure of normal regulatory feed- 
back mechanisms. It is probable that growth 
hormone has only a minor role in the metabolic ` 
changes occurring in surgery since a normal 
metabolic response ` to trauma occurs in 
hypophysectomized patients ‘maintained on 
steroid replacement therapy (Thoren, 1974). 


Glucagon. An increase in the concentration of 
plasma glucagon occurs 1n a wide variety of major 
surgical procedures (Russell, Walker and Bloom, 
1975), although Brandt and colleagues (1976a) 
failed to observe an increase in circulating 
glucagon values in six patients undergoing 
abdominal hysterectomy. 

Increased plasma glucagon concentrations are . 
also found with other forms of trauma such as 
burns (Wilmore et al., 1976) and major injuries 
(Lindsey et al., 1974). Russell, Walker and Bloom 
(1975) observed that the hyperglucagonaemia 
persisted for 4 days after gastric surgery and was 
exacerbated in those patients who developed 
complications in the period after surgery. 
However, Foster and colleagues (1980) showed 
recently that the plasma glucagon had returned to 
normal values 48 h after major abdominal surgery. 
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Many factors have been implicated in the 
control of glucagon secretion *(Alberti and 
Nattrass, 1977), but it is not known which of these 
are responsible for glucagon release during 
surgery or, indeed, the contribution made by the 
hyperglucagonaemia to the substrate mobilization 
of surgery. Unger and colleagues (1962) showed 
that a non-stress induced hyperglycaemia 
produced a decrease in plasma glucagon, a 
control mechanism that is not operative in the 
hyperglucagonaemic (or normoglucagonaemic) 
patient during surgery when the blood glucose is 
increased. 


Insulin. Circulating insulin concentrations are 
decreased during and immediately following 
surgery in spite of the co-existing hyperglycaemia 
(Russell, Walker and Bloom, 1975; Brandt et al., 
1976a), but return to normal or greater than 
normal values during the days following surgery 
(Russell, Walker and Bloom, 1975). The 
relationship between insulin and glucagon 
secretion is complex; initially plasma insulin 
values decrease, whereas plasma glucagon 
increases, but in the period after operation both 
hormones increase in concentration. Allison 
(1971) has suggested that the inhibition of insulin 
secretion is primarily a result of predominance of 


a-adrenergic sympathetic activity. The recent 


finding of significantly lower insulin values in 
patients who received f-adrenergic blockade 
during surgery supports this contention (Cooper 
et al., 1980). 


Thyroid hormones. Thyroid function in the peri- 
operative period has received considerable 
attention. Many factors can influence the 
assessment of changes in circulating thyroid 
hormones and these include the choice of 
anaesthetic agent, the methods of hormone 
estimation and changes in thyroid binding 
proteins (Thoren, 1974; Brandt et al., 1976b). 
Plasma triiodothyronine (T3) values decrease 
during surgery (Brandt et al., 1976b) and remain 
low into the period after operation (Burr et al., 
1975), while plasma thyroxine (T4) concentration 
remains unchanged. It is likely that this 
phenomenon is caused by a change in peripheral 
deiodination of T4 with an increase in the 
formation of the inactive reverse triiodothyronine 
(cT3). The significance of the deficiency of 
circulating T3 in surgical patients is unknown. 
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Other hormones. Plasma testosterone decreases 
during surgery and decreases further during the 
period after operation (Oyama, Aoki and Kudo, 
1972), with values remaining less than normal for 
4-9 days (Carstensen et al, 1972). Surgery 
produces a marked increase in circulating 
prolacun (Brandt et al, 19768), even during 
laparoscopy (Cooper, personal communication). 
The mechanisms of these hormonal changes and 
their metabolic consequences have yet to be 
determined. 


It is apparent from the above description that 1t 1s 
not possible, at present, to designate one particular 
hormone as responsible for a specific metabolic 
change. It is likely that the metabolic response to 
surgery is the result of the increased activity of all 
the catabolic hormones in the presence of a 
reduction of the key anabolic hormone—insulin. 


Protein metabolism 

An increase in protein degradation is a major 
effect of the body's response to surgical trauma. 
The urinary excretion of nitrogen is increased for 
4—5 days after abdominal surgery and a man of 
average build may lose 0.5 kg of lean tissue per day 
after a major abdominal operation (Johnston, 
1964). The duration and magnitude of this 
nitrogen loss is related to the severity of the 
surgery and the nutritional status of the patient 
(Fleck, 1980). Well-nourished patients have a 
greater nitrogen excretion. and it has been 
suggested that severe nitrogen loss in debilitated 
patients, who normally tend to conserve their 
protein, is associated with a poor prognosis 
(Johnston, 1964). 

There is an initial decrease in protein synthesis 
in muscle (O?Keefe; Sender and James, 1974) 
followed by an increase in protein catabolism 
(Gross, Holbrook and Irving, 1978). The main 
effect of protein degradation is the release of 
certain amino acids; particularly alanine, for 
transport to the liver for gluconeogenesis. The 
deamination in the liver of this increased amino 
acid flux from the periphery leads to the 
characteristic increase in urea production and 
excretion. Elia and colleagues (1980) have 
demonstrated an augmented uptake of infused 
alanine during surgery which they suggest may 
reflect an increase in hepatic gluconeogenesis. 
Thus in the period after operation when liver 
glycogen stores have been depleted, muscle 
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protein breakdown ensures the maintenance of the 
supply of glucose. The hormonal control of muscle 
proteolysis and gluconeogenesis is complex, but 
the increased glucagon and cortisol concentrations 
in the presence of insulin suppression are 
important factors. 


Carbohydrate metabolism 

The increase in blood glucose concentration 
found during surgery is roughly proportional to 
the severity of the surgical trauma. Glucose values 
greater than 10 mmol litre! 
during cardiac surgery and may cause glycosuria 
(Brandt et al., 1978). The mechanism of the 
hyperglycaemic response is complex as the normal 
neurohormonal regulation of blood glucose is no 
longer effective. Suppression ofinsulin secretion is 
an early response to surgical stimulation and this 
has lead to studies of glucose utilization in the peri- 
operative period. Aarimaa and colleagues (1974), 
using serial i.v. glucose tolerance tests, found that 
glucose utilization was decreased during surgery, 
and also in the period after operation when insulin 
values had returned to normal, suggesting the 
presence of insulin resistance. 

Thus the hyperglycaemia of surgery is the result 
of an increase in glucose production compared 
with the rate of utilization, although the relative 
contributions of increased hepatic glycogenolysis 
and gluconeogenesis are disputed (Cooper et al., 
1980; Richards 1980). It is possible that, after 
operation, the mobilization of free fatty acids 
(FFA) contributes to the reduction in glucose 
utilization (the glucose-FFA cycle), but this is 
unlikely to be of any importance during surgery 
because there is little change in circulating FFA 
values (Hall et al., 1978; Kehlet et al., 1979). 


Fat metabolism 

The release of FFA from adipose tissue is the 
result of two opposing processes, lipolysis and 
lipogenesis. Lipolysis is stimulated by many 
hormones, but is most sensitive to B-adrenergic 
stimulation by catecholamines. Lipogenesis, an 
anabolic process, is controlled by insulin. There is 
usually little change in fat metabolism during 
surgery, although Hall and others (1978) observed 
a decrease in plasma FFA and glycerol values after 
the induction of anaesthesia and suggested that 
this was as a result of a reduction in sympathetic 
activity caused by apprehension before operation. 


$ 


are not uncommon , 
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Similarly, Cooper and colleagues (1979) and 
Kehlet and colleagues (1979) found that extradural 
analgesia for pelvic surgery was associated with a 
reduction in plasma FFA and glycerol as a result of 
efferent sympathetic blockade. The 
administration of heparin during surgery causes a 
large and immediate increase in plasma FFA 
because of stimulation of the enzyme, lipoprotein 
lipase. 8 

There is no clear pattern to the ketone body 
response to surgery. For example, Brandt and 
colleagues (1978) reported a small increase in B- 
hydroxybutyrate values to 250 pmol litre”! after 
cardiac surgery, whereas Kehlet and colleagues 
(1979) recorded concentrations of 2 mmol litre" ! 
following hysterectomy. It is possible that the 
wide variation in ketone body response to surgery 
is similar to that observed during starvation (Rich 
and Whitehouse, 1979). 


Salt and water metabolism 

Sodium and water retention and potassium loss 
are amongst the most constant features of the 
body's response to surgery. About two-thirds of 
the sodium intake after surgery is retained during 
the 48 h after major surgery (Menzies Gow and 
Cochrane, 1979). Plasma ADH (Oyama and 
Kimura, 1970), aldosterone (Bngquist et al., 1978) 
and renin (Robertson and Michaelis, 1972) 
concentrations are increased during surgery, but 
the precise mechanism of the alteration in salt and 
water balance remains unclear. The increase in 
adrenocortical activity that accompanies surgery 
may also be a contributory factor. 

There are conflicting reports on the effects of 
extradural analgesia during surgery on sodium and 
potassium homeostasis. Bevan (1971) reported less 
sodium retention in the period after surgery with 
extradural analgesia, although water retention was 
unchanged. Brandt, Ølgaard and Kehlet (1979) 
were unable to confirm these changes in sodium 
balance in spite of the abolition of the increases in 
plasma cortisol, renin and aldosterone, although 
the potassium loss after operation was decreased. 
Similarly, Menzies Gow and Cochrane (1979) 
found no effect of extradural analgesia on sodium 
retention after abdominal surgery, but in their 
study plasma renin values were higher in the 
extradural group. Differences in the selection of 
patients, sodium intake, fluid replacement, arterial 
pressure and other important variables 
undoubtedly contributed to these findings. 
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` High-dose fentanyl anaesthesia has been shown 
to abolish the ADH response to cardiac surgery 
until the onset of cardiopulmonary bypass, but the 
effect of ADH-inhibition on water balance in the 
period after operation has not been studied. 


Activation of the response 

Afferent nerve impulses from the wound area 
initiate the hormonal and physiological changes 
which occur in response to surgery. Hume and 
Egdahl (1959) demonstrated that the 
adrenocortical response to an injury of the hind- 
limb in animals can be abolished by peripheral 
nerve section, transection of the spinal cord above 
the injury, or section through the medulla 
oblongata. Wilmore and colleagues (1976) 
considered that changes in the afferent neuronal 
input to the hypothalamic area altered central 
homeostatic mechanisms with consequent changes 
in pituitary and autonomic nervous system 
function. Autonomic as well as somatic afferent 
fibre activity is important in initiating the 
response, since analgesia per se does not prevent 
the hormonal changes (Bromage, Shibata and 
‘Willoughby, 1971). 

In the past there has been considerable 
speculation about the existence of “wound 
hormones”’ which may have a role in eliciting the 
endocrine and metabolic responses to trauma. The 
release of prostaglandins, serotonin, acetylcholine 
and various amino acids from the damaged tissues 
have all been suggested as possible “wound 
hormones". The classical experiments of Egdahl 
(1959) on the isolated dog leg.preparation failed to 
support this concept. However, Wilmore and 
colleagues (1976) still consider that such 
substances may have a part to play in burns and 
severe trauma. 


In addition to the increase in afferent neuronal - 


activity from the area of surgery, a variety of other 
physiological disturbances contribute to the 
overall hormonal response. 

The effects of haemorrhage are well known to 
the anaesthetist, but partial starvation and 
dehydration, not uncommon in surgical patients, 
are probably also important in exacerbating the 
endocrine changes. Anxiety and fear increase 
cortisol secretion and cortisol values before 
operation have been shown to be influenced by 
premedication and. the sleep pattern of the 
previous night (Oyama, 1973). In the period after 
operation factors such as infection, prolonged bed 
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rest, hypoxaemia and even alterations in the usual 
day-night physiological cycles all contribute to the 
changes in endocrine function. 


l 
Modification of the neuroendocrine response to 
surgery 

This may be attempted in two ways. The first 
method is aimed at the reduction or abolition of the 
endocrine and metabolic changes that result from 
surgical stimulation. This may be achieved either 
by afferent neuronal blockade wıth local 
analgesics, for example extradural or spinal 
analgesia, or by the inhibition of hypothalamıc 
function with large doses of opiates (George et al., 
1974). The second approach is to try to minimize 
the consequences of the altered hormonal 
environment after this has occurred. This is 
usually undertaken by the administration, either 
parenterally or  enterally, of appropriate 
substrates. Other techniques include the infusion 
of anabolic hormones (particularly insulin) and 
nursing the patient in a  thermoneutral 
environment. 


Extradural analgesia, with or without general 
anaesthesia, either reduces or abolishes the usual 
increase in blood glucose and plasma cortisol, 
growth hormone, adrenaline and cyclic AMP 
values found during pelvic surgery (Gordon, Scott 
and Percy Robb, 1973; Kehlet et al; 1979; 
Engquist et al., 1980). Complete abolition of the 
cortisol and growth hormone response to pelvic 
surgery can only be achieved with an extradural 
block extending from T4 to S5 (Engquist et al., 
1977), although this is ineffective in prevenung 
insulin suppression (Brandt et al., 1976a). It is 
likely that extradural analgesia merely postpones 
the hyperglycaemic and adrenocortical responses 
until the period after operation (Lush et al., 1972; 
Engquist et al., 1980). The desirability of such an 
extensive blockade for pelvic surgery has been 
questioned by Cooper and colleagues (1979). 

Bromage, Shibata and Willoughby (1971) 
examined the effect of extradural analgesia on 
blood glucose and plasma cortisol values during 
thoracic and upper abdominal surgery. In spite of 
adequate pain relief, with blockade up to C6 if 
necessary, there was no reduction in the cortisol 
response although the hyperglycaemia was 
virtually abolished. Bromage and colleagues 
suggested that the inability to inhibit the 
adrenocortical changes was a result of the 
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stimulation of vagal afferent fibres during surgery. 
Tf this interpretation is correct, then local analgesic 
techniques will only be of value in abolishing the 
hormonal response to pelvic and limb surgery. 


High-dose opiate anaesthesia. While extradural 
analgesia has many benefits apart from its effect on 
the metabolic response, and is a clinically 
acceptable procedure, high-dose opiate regimens 
are suitable only for carefully selected and 
supervised patients because of the problems of 
respiratory depression after surgery. 

Morphine 4mg kg”?! (George et al, 1974; 
Brandt et al, 1978) and fentanyl 75 ug kg”? 
(Stanley, Philbin and Coggins, 1979) have been 
shown to inhibit the hormonal and metabolic 
response to cardiac surgery until the start of 
cardiopulmonary bypass. Profound endocrine 
changes occur at this time which are not influenced 
by the opiate and are probably caused by factors 
such as hypothermia, non-pulsatile flow and the 
sudden increase in blood volume with 
haemodilution. Hall and others (1978) observed 
that fentanyl 50 ug kg~! prevented the increases 
in blood glucose, plasma cortisol and plasma 
growth hormone concentrations found during 
prolonged pelvic surgery, but the study was not 
extended into the period after operation. 

These attempts to inhibit the endocrine 
response to surgery, either by local analgesic 
techniques or by high-dose opiate anaesthesia, 
demonstrate further the complexity of the inter- 
relationships between hormonal activity and 
substrate mobilization. It is noteworthy that, in all 
studies in which the cortisol response to surgery 
was abolished, no ill-effects were observed in these 
' patients. This suggests that vigorous steroid 
supplementation for patients on long-term steroid 
therapy is unnecessary. 


Substrate administration. Recent developments 
in enteral and parenteral feeding techniques 
permit vigorous nutritional support, replacing or 
even exceeding the calorie and nitrogen 
requirements of the catabolic patient. An 
appropriate calorie and nitrogen intake can reduce 
protein loss and possibly improve the prospects of 
survival in severely catabolic patients. It is 
important to note that the infusion of some 
parenteral nutrition solutions stimulates hormone 
secretion and this may exacerbate the endocrine 
changes after surgery. For example, the 
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administration of amino acid solutions produces 
an augmented glucagon secretion following major 
abdominal surgery (Foster et al., 1980). 


Hormone supplementation 

Insulin. The recognition of the occurrence in the 
surgical patient of insulin suppression followed by 
resistance prompted the use of insulin infusions to 
decrease catabolism. Hinton and colleagues (1971) 
reported that the combination of glucose, insulin 
and potassium was effective in reducing the 
excessive protein breakdown in patients with 
burns, but failed to distinguish between a specific 
action of insulin and the result of giving extra 
calories. Woclfson, Heatley and Allison (1979) 
recently resolved this conflict by demonstrating a 
protein-sparing effect of insulin in catabolic 
patients, although they were unable to shed any 
light on the precise mechanism of action of insulin. 


Growth hormone. Wilmore and colleagues (1974) 
observed that the daily i.m. administration of 10 iu 
of growth hormone improved the nitrogen balance 
in patients with severe burns maintained on an 
adequate calorie and nitrogen intake. Growth 
hormone supplementation produced a marked 
increase in insulin secretion which was probably 
responsible for the beneficial effects observed. 


Anabolic steroids. The - administration of 
methanedione in the period after operation caused 
a reduction in nitrogen excretion not only after 
herniorraphy, but also following gastric surgery 
(Johnston and Chenneour, 1963). 


Environmental temperature. Cuthbertson and 
colleagues (1972) reported a reduction in protein 
catabolism in patients with fractures of the major 
long bones of the lower limb maintained at an 

~ environmental temperature of 28-30 °C. 

Unfortunately, Spivey and Johnston (1972) 
were unable to demonstrate any beneficial effects 
on nitrogen loss of nursing patients after 
abdominal surgery at 30°C, possibly because of 
the less severe injury. It is likely that the main 
application of this technique will be in the 
management of burns patients (Wilmore et al., 
1976), although the precise mechanism by which 
the protein catabolism is ameloriated has not been 
elucidated. 


Influence of anaesthesia. The endocrine response 
to anaesthetic agents per se has been 
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comprehensively reviewed (Oyama, 1973). With 
the exception of diethyl ether, the influence of 
modern inhalation and i.v. agents on hormone 
secretion and metabolism is small compared with 
that of surgical stimulation provided that 
hypoxaemia, acidosis and  hypothermia are 
avoided. Indeed, halothane may even be beneficial 
asit has been shown to reduce adrenaline secretion 
in vitro and in vivo (Roizen et al., 1974; Halter, 
Pflug and Porte, 1977). 


~“ CONCLUSION 


The neuroendocrine response to trauma appears 
to have evolved to assist survival in a more 
primitive environment by providing appropriate 
substrates to maintain the function of vital organs. 
However, in modern anaesthetic and surgical 


practice where severe physiological disturbances ' 


are prevented or rapidly treated, and suitable 
substrates made readily available, any benefits of 
this response are no longer apparent. The aim for 
the future must be the safe prevention of 
surgically-induced, adverse hormonal and 


metabolic changes. We consider that itis no longer ` 


necessary to defend the charge.of attempting to 
reduce such changes by various anaesthetic 
techniques, but rather to ask why these effects 
should be left unaltered. 
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THE SCIENTIFIC BASIS OF NUTRITIONAL ASSESSMENT 


A. W. GOODE 


Nutritional assessment is the essential first step in 
the adequate nutritional care of a patient. Simple 
bed-side impressions of nutritional status or 
change with therapy are invariably erroneous 
(Walesby et al., 1979) and are to be deprecated. 
Recent surveys (Bollet and Owens, 1973; Bistrian 
etal., 1976; Hill et al., 1977; Letsou, Connaughton 
and O’Donnell, 1977; Willicutts, 1977) have 
shown that up to 50% of patients in hospital were 
moderately or severely malnourished. Malnu- 
trition may have a profound influence upon 
clinical practice. Acute weight loss of more than 
40% is invariably fatal while degrees of wasting are 
associated with increasing mortality and mor- 
bidity. Such depletion results in poor wound 
healing and callus formation, immunological de- 
pression, disordered coagulation, reduced enzyme 
synthesis, altered drug metabolism, decreased 
tolerance to radiotherapy and chemotherapy, and 
prolonged convalescence after surgery. 

The formulation of an appropriate feeding regi- 
men for the wasted patient can only be done after 
accurately establishing the nature and degree of 
depletion. However, a recent study (Ray and 
Dickerson, 1979) has shown that clinicians faced 
with many available tests are both uncertain about 
those most appropriate, and confused as to the 
ultimate aim of management. 

Brozek and Henschel (1961) described how 
Rubner in 1902 conceived the idea of an. oxidizing 
protoplasmic mass as the component of the body 
responsible for energy consumption and chemical 
and mechanical work performed. Moulton (1923) 
reinforced this concept, showing that body fat was 
a variable quantity and emphasized the constant 
composition of the lean body weight; which on 
analysis was hydrated and both nitrogen- and 
potassium-rich in contrast to neutral fat. Since 
then Kinney, Lister and Moore (1963) have 
demonstrated that resting energy expenditure was 
directly related to the size of the lean body mass. 
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Thus body weight is composed of the relatively 
inert skeletal mass, body fat—the portable per- 
sonal energy store,—and the energy-utilizing 
component, the lean body mass. Moore and col- 
leagues (1963) further refined the concept of the 
lean body mass, pointing out that some of its 
constituent tissues—dermis and connective tis- 
sue—are functionally inert; thus they proposed a 
more precise term for the active cellular mass: the 
body cell mass. 

Peaston (1974) studied weight loss in long- 
term starvation and concluded that the body 
utilizes fat and the skeletal muscle component of 
the body cell mass in a ratio of 2.5 : 1. Similarly, 
Burkinshaw, Morgan and Hill (1978), studying 
weight loss before operation, concluded that pro- 
tein was lost from skeletal muscle, but that in the 
patient after operation two-thirds was lost from 
skeletal muscle and the remainder from visceral 
protein. Regardless of the source of the protein 
utilized to provide glucose by gluconeogenesis, the 
loss of body cell mass represents the increasing 
inability of the body to utilize energy to support 
vital functions and ultimately will lead to death. 
Accelerated loss—hypercatabolism—is seen in 
burns, sepsis and acute pancreatitis. Thus, from 
theoretical considerations, measurement of total 
body protein (the body cell mass) is the most 
important single parameter. 


General indices of nutritional depletron 

In clinical practice the critical factor initiating 
nutritional assessment is awareness of the possi- 
bility that the patient may be wasted. A routine 
clinical history usually neglects nutritional intake 
and a specific dietary history may be most valuable 
in revealing specific deficiencies (Mueller and 
Thomas, 1975). Weighing the patient is the sim- 
plest guide to nutritional deficiency although it 
gives no indication of the nature of the tissue loss 
and may be misleading in clinical conditions with 
water retention or dehydration. The comparison 
of actual weight with ideal weight for height and 
age derived from anthropometric tables 
(Documenta Geigy, 1962; Kemsley, Billewicz and 
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Thompson, 1962; Jelliffe, 1966) gives a guide to 
the severity of depletion. The calculation of per- 
centage weight loss and its interpretation with time 
is shown in table I (Blackburn et al., 1977). 


TABLE I. Evaluation of percentage weight loss. Weight loss 
calculated using the equation: percentage weight change = (usual 
weight — actual weight)|(usual weight) x 100 


, Significant Severe 
weight loss weight loss 
Time (96) (96) 
1 week 1-2 > 2 
1 month 5 > 5 
3 months 75 > 75 
6 months 10 > 10 


Another simple measurement is the mid upper- 
arm circumference of the non-dominant arm. 
Reduction to 85% or less of adult standard values 
is associated with significant morbidity after sur- 
gery (Kammerling, Foster and Karran, 1978). 
Standard adult values and their interpretation are 
given in table II. 


TABLE II. Arm circumference values in adults. The measurement 
should be made in the middle of the non-donnnant arm 





Male Female 

(cm) (cm) 
Standard 29.3 28.5 
90% of standard 26.3 25.7 
80% of standard 23.4 22,8 
70% of standard 20.5 20.0 
60% of standard 17.6 17.1 


Fat stores 

Measurements of body fat are an estimate of 
endogenous energy stores, some measuring the 
- absolute size and others dynamic function. Tri- 
ceps skinfold thickness measured on the non- 
dominant arm with skinfold calipers will give a 
simple measure of suspected loss of body fat. 
Standard values for adults and their interpretation 
are given in table 111. Measurement of skinfold 
thickness at four sites—mid-biceps, mid-triceps, 
subscapular and suprailiac—may be used to deter- 
mine the absolute size of the body fat being 
expressed as a percentage of body weight (Durnin 
and Womersley, 1974). 
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TABLE III. Triceps skinfold thickness values in adults 


et, Te CC C 





Male Female 

(mm) (mm) 
Standard 12.5 16.5 
90% of standard 11.3 14.9 
80% of standard 100 13.2 
70% of standard 8.8 11.6 
60% of standard 7.5 9.0 


'The rate of clearance of injected intralipid—an 
i.v. fat tolerance test—is a measure of fat utiliz- 
ation (Feggetter, 1980). The clearance of a bolus 
injection occurs at two rates, K1 and K2. K2 isa 
first-order reaction where clearance is exponential 
and a constant fraction is removed. The clearance 
curve is plotted semilogarithmically and the re- 
gression line fitted by the least squares method. 
The slope of the regression line is the fractional 
clearance rate. Surgery and heparin therapy in- 
crease the exponential (K2) clearance. 

In patients whose dietary intake is known to be 
inadequate, there is an increase in ketone body 
production which may reduce gluconeogenesis 
from protein (Wedge et al., 1976). Conversely, 
failure of ketone production may be of serious 
consequence as energy will then be principally 
derived from protein stores (Williamson et al., 
1977). Rich and Whitehouse (1979), investigating 
ketone body production in the wasted patient 
before operation, have observed that, in patients 
similar in all other nutritional parameters, those 
who were unable to produce more ketone bodies 
after a 6-h fast had a significantly greater mortality 
rate after surgery. 

Essential fatty acids have three principal func- 
tions: as energy substrates, in the synthesis of 
structural lipoprotein and as precursors for prosta- 
glandin synthesis (Press, 1980). Diagnosis of de- 
ficiency states have in the past been dependent 
upon recognizing specific clinical features of de- 
ficiency—dermatitis, diarrhoea, abnormal platelet 
function and fatty infiltration of the liver. Patients 
fed on regimens composed only of amino acids and 
glucose and patients with extensive bowel resec- 
tions are especially liable to develop essential fatty 
acid deficiency. The basic essential fatty acids 
which can only be synthesized by plants are 
linoleic and linolenic acids; as about 1096 of 
adipose triglyceride is linoleic acid, there is a 
considerable reserve. The enzymes which convert 
linoleic acid to arachidonic acid are also capable of 
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converting the non-essential oleic acid to eicosatri- 
enoic acid. In normal circumstances linoleic acid is 
the preferred substrate. However, in fatty acid 
deficiency oleic acid inhibition is removed and 
eicosatrienoic acid concentrations become de- 
tectable. A ratio of eicosatrienoic acid/arachidonic 
acid of 1.0 or less is diagnostic of deficiency. 


Protein stores 

This is the most important nutritional com- 
ponent and the majority of available tests are 
directed towards measuring the total size of the 
body cell mass, reflecting the relative daily change 
of tissue synthesis or breakdown rate. Plasma 
amino acid profiles are altered by the underlying 
disease process in the wasted and fasted patient. In 
chronic protein calorie malnutrition total amino 
acids are decreased, particularly branched-chain 
amino acids, while glycine and serine are usually 
increased (Waterlow and Harper, 1975). In infect- 
ions total amino acids concentrations are again 
decreased, with increase in phenylalanine and 
tryptophan (Wannemacher et al., 1972). After 
surgery there is a progressive decrease in the 
glucogenic amino acids for up to 3 days with a 
corresponding increase of branched-chain amino 
acids (Dale et al., 1977). In patients with cancer 
alanine, arginine and branched-chain amino acids 
values are decreased whilst, in contrast to star- 
vation, glycine is normal or decreased (Glass and 
Goode, unpublished observations). 

However, amino acid analysis facilities are limi- 
ted and interpretation of individual patterns may 
be difficult as well as not quantifying tissue loss 
from the body cell mass. 


Indices of total body protein 

Absolute size of the body cell mass may most 
simply be quantified by measuring the fat-free 
mass using Durnin and Womersley’s method 
(1974) of skinfold thickness measurements. This 
gives the percentage of body weight as fat and, by 
simple calculation, the fat-free mass in kilograms 
may be derived. In patients clinically free from 
oedema and with a normal packed cell volume this 
gives excellent agreement with other more compli- 
cated but precise methods of measurement (Goode 
and Hawkins, 1978). 

The two methods which most precisely measure 
the body cell mass—total body nitrogen and total 
body potassium—are complex and not suitable for 
daily clinical practice except in specialized centres. 
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They are, however, accurate research techniques 
and provide the basis for body composition ana- 
lysis and a critical evaluation of other methods of 
determining nutritional status and nutritional 
support. Both measure elements abundant in the 
body cell mass, but not in neutral fat. Total body 
nitrogen is measured by neutron activation ana- 
lysis (Oxby et al., 1978) and has been used in body 
composition analysis after surgery (Collins, Oxby 
and Hill, 1978). Similarly, the estimation of total 
body potassium by the measurement of potas- 
sium -40 in a whole body monitor is a good index of 
body cell mass in the non-acidotic patient not 
undergoing insulin therapy (Hawkins and Goode, 
1976), and may also be used to monitor nutritional 
change (Goode et al., 1976). Administration of the 
isotopes potassium-42 or potassium -43 to measure 
body cell mass may produce an underestimate of 
up to 12%, as the isotope may not completely 
exchange with bone within the standard time 
(Goode and Hawkins, 1978). 

In clinical practice the absolute size of the 
muscle mass is most easily measured by two 
methods: mid-arm muscle circumference can be 
calculated from the mid-arm circumference and 
the triceps skinfold thickness from the formula: 
Mid-arm muscle circumference = mid-arm cir- 
cumference — (x x triceps skinfold thickness). The 
value obtained can then be compared with stan- 
dard values (Jelliffe, 1966). 

In skeletal muscle creatine is irreversibly con- 
verted to creatinine at a reasonably constant rate. 
Measurement of urinary creatinine will thus give 
an estimate of the total skeletal mass. For accuracy 
three consecutive 24-h urinary collections should 
be performed. The values obtained are compared 
with those from well-nourished subjects of the 
same height as shown in standard tables 
(Blackburn et al., 1977). Values of only 60-80% of 
normal are indicative of moderate malnutrition, 
while values less than 60% indicate severe deple- 
tion. Future studies assessing muscle function may 
involve relating size to simple tests of optimum 
muscle strength such as hand grip strength. 


Indices of relative protein change 

Nitrogen balance is one of the most widely used 
methods of assessment. The daily comparison of a 
known intake with nitrogen loss from all sources 
allows a measure of the relative change of the body 
cell mass. It does not estimate the absolute size of 
the body cell mass. A positive nitrogen balance, 
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where intake and retention exceeds loss, is indi- 
cative of anabolism; excess loss indicates tissue 
catabolism. It has been suggested that compound- 
ing errors in collection may decrease its value after 
about 14 days. A negative nitrogen balance of 1 g 
indicates a loss of 6.25 g of protein or 30g of 
muscle tissue. 

Tissue synthesis Tate may be most accurately 
measured by estimating whole body protein turn- 
over by a constant rate infusion of !*C-leucine or 
15N-glycine (O’Keefe, Sender and James, 1974). 
From this the anabolic rate may be calculated, 
while Clague and others (1980) have used !*C- 
leucine incorporation into plasma proteins as an 
index of the severity of injury. More simply, hair 
root morphology has been advocated as an indi- 
cator of protein synthesis with feeding (Jourdan, 
1978). ; 

Muscle breakdown is determined by measuring 
excretion of 3-methylhistidine, which is released 
from actin and myosin in skeletal muscle. 3- 
Methylhistidine when released is not reutilized, 
and is excreted unchanged in the urine (Young et 
al., 1972). Provided that a meat-free diet is taken 
for 2448 h before measurement, 24-h urinary 
estimations may be made. The rate of muscle 
catabolism may be quantitated as 4.2 umol of 3- 
methylhistidine represents 1 g of mixed muscle 
protein (Munro, 1978). 


Visceral protein status 

Serum albumin concentrations have most com- 
monly been used as an index of hepatic protein 
synthesis. The plasma concentration is dependent 
not only upon the synthetic rate, but also the 
catabolic rate and distribution between the intra- 
and extra-vascular compartments (Fleck, 1976). 
Serum concentrations from 30glitre ! to 
21 g litre! are indicative of moderate malnutrit- 
ion, while values less than 21 g litre”* indicate 
severe malnutrition. No relationship has been 
demonstrated between low values and nutritional 
oedema (Golden, Golden and Jackson, 1980). In 
stable patients albumin concentrations have been 
used both as a nutritional index of longstanding 
malnutrition and to monitor the response to nu- 
tritional support (Olusi et al., 1975). Serum al- 
bumin concentrations show a poor response to 
short-term changes in protein and energy intake; 
on a daily protein intake of 20g only a small 
decrease in serum albumin can be induced in 5 
- weeks. 
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Proteins synthesized by the liver but with a 
short half-life'have been used as indices of visceral 
protein synthesis and are more responsive to 
refeeding. Serum transferrin is reduced in protein 
calorie malnutrition and has a half-life of 8 days 
(Awai and Brown, 1963). Serum transferrin may 
be measured directly using commercially available 
kits or indirectly from total iron binding capacity 
from the formula: Serum transferrin (mg 
dl^! = (Total iron binding capacity x 0.8) —43. 
The normal values are 200-300 mg di^ !. Serum 
concentrations between 100 and 150 mg dl”! are 
indicative of moderate malnutrition and values less 
than 100 mgdl^! reflect severe malnutrition. 
Caution must be used in patients with a history of 
chronic bleeding as increased concentrations of 
transferrin may occur. Plasma thyroxine-binding 
pre-albumin has a half-life of 2 days and may be 
used as a short-term nutritional index (Ingenbleek 
et al., 1975). Retinol-binding protein is, however, 
the most sensitive index of both subclinical mal- 
nutrition and the response to feeding, with a half- 
life of 12 h (Shetty et al., 1979). 


Immune status 

Adequate nutrition is essential for the main- 
tenance of a normal immune system (Law, 
Dudrick and Abdou, 1974). A reduction in the 
total peripheral lymphocyte count is associated 
with depressed cellular immunity. À total lympho- 
cyte count of 800-1200 mm”? is indicative of 
moderate protein calorie malnutrition and less 
than 800 mm”? indicates severe depletion. Circu- 
lating immunoglobulins may be directly measured 
as a standard laborstory procedure. Immuno- 
logical challenge tests are also often used as a test of 
the cell-mediated immune response. Intradermal 
injection of a common recall antigen—candida, 
PPD, streptokinase, streptodornase or DNCB— 
should produce a cutaneous response within 
24—48 h. A skin weal 0.5 cm or more in diameter is 
a positive response. Failure to respond indicates an 
anergic state, but the test may become positive 
with appropriate nutritional support. 


Vitamin status 

Daily requirements of vitamins vary greatly, for 
example the dose of vitamin C is 50 000 times that 
for vitamin B12. A good nutritional history is 
essential as often it will indicate a deficiency before 
its clinical manifestations. The requirements for 
the water-soluble vitamins are especially increased 
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in disease states (Levenson et al., 1976). Vitamin C 
depletion is found in smokers, in dssocition with 
aspirin and barbiturate therapy, and in post- 
operative patients. Decreased vitamin B6 concen- 
trations are found with oral contraceptives and 
isoniazid therapy, vitamin B12 deficiency with oral 
hypoglycaemic agents, and low folate values with 
epileptic therapy, methotrexate treatment and 
excess alcohol intake. A combination of low vita- 
min A, B6 and C values is known to depress the 
immune response. Vitamin K deficiency may 
occur with broad-spectrum antibiotic therapy. 

There are two types of test for vitamin status: 
blood concentrations or the measurement of an 
enzyme activity in which a vitamin is a co-factor 
(Sauberlich, Doway and Skala, 1974). Plasma 
vitamin A, C, B12 and folate concentrations reflect 
recent dietary intake, while leucocyte ascorbic acid 
and red cell folate values are indices of whole body 
status. Vitamin B1 (thiamine) status is measured 
by red cell transketolase activity and vitamin B6 
(pyridoxine) status by red cell aspartate trans- 
aminase activity. Four coagulation factors are 
vitamin K-dependent, but deficiency is usually 
measured by a prolonged cephalin-kaolin time and 
a prolonged prothrombin time. 


Trace element status 

The body contains approximately 40 elements 
present in varying amounts; those present in adults 
in the concentration of about 100 parts per million 
are the trace elements. Up to 15 trace elements are 
essential for optimal health (Aggett, 1979). Some 
trace metals form complexes with organic mole- 
cules and are involved in cell membrane function 
while others are involved with enzyme function. 
Indeed, about one-third of all enzymes are trace 
metal dependent. Copper is involved with cellular 
respiration, zinc in carbonic anhydrase function, 
nucleic acid and protein synthesis and the urea 
cycle, selenium in peroxide reduction, manganese 
in glycoprotein synthesis and molybdenum in 
sulphur metabolism. 

Trace metal deficiencies are usually associated 
with gross malnutrition or prolonged nutritional 
support, especially parenteral nutrition, and circu- 
lating zinc, copper, magnesium and chromium 
concentrations must be measured. In some in- 
stances various clinical manifestations may give a 
suspicion of deficiency. Zinc depletion is ass- 
ociated with anaemia, dermatitis, diarrhoea, and 
impaired wound healing, copper with iron-resis- 


x 165 
tant anaemia and osteoporosis, and chromium 
with glucose intolerance and peripheral neuro- 
pathy. 


Awareness that a patient may be nutritionally 
depleted is the key to assessment and management. 
A dietary history and clinical examination are of 
great value in indicating possible specific de- 
ficiencies. However, specific tests are of most 
value. No single abnormal parameter should be 
used in isolation to identify malnutrition, but 
rather a combination of at least three parameters. 
Those selected by the clinician obviously depend 
upon his understanding of their limitations and 
laboratory availability. In general, anthropometric 
measurements will indicate moderate or severe 
degrees of malnutrition and during a feeding 
regimen will show evidence of successful repletion 
if performed at approximately 2-week intervals 
(Goode et al., 1976; Shenkin and Steele, 1978). 

Collins, McCarthy and Hill (1979) studied 
degrees of weight loss, arm circumference and arm 
muscle circumference with total body nitrogen 
content. They concluded that anthropometry was 
reliable, the 95% confidence limits were nitro- 
gen+ 30 g, but the yariance shown made it in- 
appropriate as a single measurement. Similarly, 
anthropometry was not reliable in following chan- 
ges in body protein in individual patients over a 
short period of time. 

A frequently recommended triad for nutritional 
assessment has been a recent weight loss in excess 
of 10%, serum albumin less than 32 g litre! and 
loss of skin antigen recall. Mullen and others 
(1979) studied 16 nutritional parameters and con- 
cluded that only serum albumin and serum trans- 
ferrin concentrations with delayed hypersensiti- 
vity reactions had a significant predictive value of 
morbidity and mortality after operation; patients 
with these reduced parameters had a 2.5-fold 
increase in complications, although the prognostic 
accuracy of delayed hypersensitivity has been 
disputed (Brown et al., 1980). 

During nutritional support, either enteral or 
parenteral, it is essential to measure changes in 
nutritional status, circulating substrates and ions, 
and organ function at prescribed intervals. 

Programmes for daily, twice-weekly and weekly 
measurements of these parameters are given in 
tables IV-VI. f 

Advances in the understanding of the conse- 
quences of malnutrition and its management by 
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TABLE IV. Daily monitoring during a feeding regimen 





(1) Body weight 

(2) Fluid balance 

(3) Haemoglobin, p.c.v. and white cell count 

(4) Blood urea and electrolytes 

(5) Blood glucose 

(6) Acid—base status 

(7) Urine and plasma osmolality 

(8) Nitrogen and electrolyte content of urine, gastrointestinal 
and fistula loss ' 

Additionally during enteral feeding: 

(9) Stool frequency, volume and consistency 





TABLE V. Twice weekly monitoring during a feeding regimen 


(1) Serum calcium 

(2) Serum phosphate 
(3) Serum magnesium 
(4) Serum proteins 

(5) Laver function tests 
(6) Clotting studies 


TABLE VI. Weekly monitoring during a feeding regimen 





(1) Serum B12 and folate’ 
(2) Serum lactate 

(3) Serum iron 

(4) Serum triglycerides 
(5) Trace elements 





appropriate nutritional support have been a major 
advance in patient care. It is surprising, therefore, 
that therapy has often not been preceded by 
measurement to allow the most appropriate regi- 
men to be provided. The selection of the ap- 
propriate tests for assessment of nutritional status 
before and during management can be critical for a 
successful outcome. The formation of nutritional 
care teams is an additional source of expertise now 
available, which can be of particular value in the 
management of the complicated patient. 
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PRINCIPLES OF ENTERAL AND PARENTERAL NUTRITION 


J. POWELL-TUCK AND A. W. GOODE 


Weight loss is universally recognized as a compli- 
cation of severe illness, and it has been a medical 
and nursing axiom for centuries that patients 
should be encouraged to eat in order to maintain or 
regain their strength. Techniques of enteral and 
parenteral feeding now enable us to feed patients 
who might otherwise be unable to eat or assimilate 
enough normal food. Parenteral feeding is capable 
of restoring the weight and body cell mass of a 
chronically sick patient and maintaining them at 
normal values over years if necessary. 

Interest in nutritional therapy for the anaes- 
thetist or for the member of an intensive care team 
will be two-fold: 

(1) How does the nutritional state of a patient 
before operation influence his chance of compli- 
cation-free surgery and therefore when should 
preoperative restorative feeding be encouraged or 
insisted upon? 

(2) How can nutritional support be used to benefit 
the acutely ill patient following trauma, or during 
critical illness? 

Using such treatment we aim to maintain organ 
function, promote healing, strengthen the patient 
and thereby reduce morbidity and hasten mobili- 
zation and convalescence. Nutritional treatment 
can enhance immunological responses, par- 
ticularly of cell-mediated type, and therefore may 
improve endogenous defences against infection. 
Our order of priority for enteral or parenteral fluid 
therapy will be: 

(1) to maintain the circulation; 

(2) to achieve water and electrolyte replacement 
and balance; f 

(3) to prevent and replace loss of body cell mass. 

Nutritional treatment inevitably modifies or 
enhances the metabolic responses to an illness such 
as energy consumption, protein turnover and 
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hormonal output, and much research is aimed at 
delineating and understanding these changes. 
However, at present we know little of how the 


“changes influence the outcome of the disease. 


They therefore remain the province of the research 
worker. We shall return to some developments 
towards the end of this paper. 


REQUIREMENTS 


Dietary standards and recommendations for oral, 
enteral and parenteral feeds are given and discus- 
sed elsewhere (Davidson et al., 1979). Table I 
shows the inputs of individual nutrients we use 
with success for parenteral feeding. 


TABLE I. Ranges of commonly used daily nutrient mtakes for 

parenteral nutrition. Energy 1s supplied as glucose and Intralipid. 

Linoleic acid, an essential fatty acid, is a major constituent of 

Intralipid. The normal range we give 1s 90 g per week to 45 g per 

day, that 1s 1000 ml per week to 500 ml per day, of 20%. At 

present we do not gwe vitamins D and Biotin routinely * Supplied 
as Mulnbionta 4 ampoules weekly 


Nitrogen 8-20 g 
Energy 1500-4000 kcal 
Electrolytes and trace elements 
Sodium 70-220 mmol 
Potassium 60-120 mmol 
Chloride 70-220 mmol 
Calcium 5-10 mmol 
Magnesium 5-20 mmol 
Phosphate 20-40 mmol 
Zinc 2-7 mg 
Copper 1.6 mg 
Selenium 120 ug 
Iodine 120 pg 
Chromium (trivalent) 5-0 pg 


Vitamins 
A* 5700 1u 
B1* 28.6 mg 
B2* 5.7 mg 
Nicotinamide* 57 mg 
Pantothenate* 14.3 mg 
B6* 8.6 mg 


E C* 286 mg 


E* 2.9 mg 

Folic acid 15 mg per week 
K1 10 mg per month 

B12 250 pg per 2 months 
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Energy (Munro, 1951; Kinney etal., 1970; Stoner, 
1970; Wilmore, 1977) 

Energy, supplied as fat of carbohydrate (or 
protein), is required to provide for the patient's 
metabolic rate plus his suprabasal requirements 
resulting from activity, nutrient intake (specific 
dynamic action), the environmental temperature, 
disease and trauma. Resting metabolism can 
be measured clinically by indirect calorimetry 
or assessed by use of nomograms using height 
and weight. Alternatively Kleibers formula 
(see Wilmore, 1977) of metabolic rate 
(kcal day~') = 70 x (body weight (kg)"/^ is useful 
now that pocket calculators readily determine 
values to the power of 3. If a normal subject is 
placed in surroundings of temperature less than a 
“Critical temperature" of about 25 °C his heat 
production (thermogenesis) increases either as- 
sociated with or without shivering. This critical 
temperature decreases after injury. Kinney and 
co-workers (1970) studied the resting metabolic 
expenditure of patients after operations of varying 
severity. Most procedures do not result in an 
increased energy expenditure of more than 10%. 
However, certain conditions such as multiple 
fractures, severe sepsis or peritonitis and partic- 
ularly large area burns can increase resting ex- 
penditure by 30-100% or more. For most adults 
(and this includes many of those requiring inten- 
sive care) energy requirements will be exceeded 
and fat accumulation will occur on 40-50 
kcal kg”! day !. In the very malnourished 
patient this is perhaps better expressed per kg ideal 
body weight. In adolescents in whom growth is 
required inputs should be 60 kcal kg^! day~' or 
more, and in young children should be much 
higher (Waterlow, Golden and Patrick, 1978). 

It is still uncertain as to whether a fat calorie is 
equivalent to a carbohydrate calorie in human 
nutrition; it seems as if there is approximate 
equivalence but as a general rule it is probably wise 
to provide a minimum 500 kcal day”! as carbohy- 


drate to cover cerebral requirements even though : 


it is now known that the brain is capable of 
adapting to ketone metabolism. 


Protein (nitrogen) (Munro, 1951, 1972; 
Cuthbertson and Tilstone, 1969) 

Nitrogen metabolism is most commonly asses- 
sed by a balance technique. in the healthy fully 
grown adult taking a normal diet there is nitrogen 
equilibrium so that the intake of nitrogen equals 
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the output. The intake is the dietary nitrogen while 
the clinically important outputs are urinary and 
faecal. Table II shows typical normal nitrogen 
losses in their various forms. It can be seen that 
urinary urea, which is the end-product of most 
amino acids oxidized, is the largest contributor, 
and it is usually only in severe protein-losing 
enteropathy like active inflammatory bowel 
disease, that allowances of more than nitrogen 


_ 1 g day”? have to be made to cover faecal loss. In 


the well-nourished man in nitrogen equilibrium, 
increase in intake above his usual diet will be 
balanced by increased oxidation, and nitrogen 
balance maintained. It is only the adult with 
protein depletion who needs excess nitrogen to- 
maintain a positive balance while he rebuilds his 
lean body mass. 


TABLE II. Typical 24-h mtrogen losses (g) 1n normal 65—kg man 
receiving protein 87 5 g 
(from Harper, 1975 and Munro, 1972) 


Loss 
(g) 
Urine y 
Urea 11 
Ammonia 0.4 
Creatinine 06 
Uric acid 0.2 
Undetermined 0.6 
Toral 12.8 
Otter 
Faeces 0.8 
Skin 0.2 
Cther 0.15 
Total 1.15 


Urinary nitrogen losses increase after injury 
(particularly in the young and well nourished). If 
illness is severe or prolonged such losses may 


. result in nutritional depletion. Thus if we wish to 


prevent or treat prolonged negative balance in the 
injured or severely ill patient we shall need to give 
increased amounts of protein or amino acids. In 
the depleted patient we shall aim to achieve some 
restoration of lean body mass, while in the well- 
nourished patient our aim will be to maintain 
nitrogen equilibrium. The Appendix shows how 
nitrogen balance can be estimated simply. 

Not only does nitrogen have to be supplied in 
the correct amount, but also in the correct form 
and with other nutrients. The human diet must 


PRINCIPLES OF NUTRITION 


contain sufficient amounts of the essential amino 
acids, isoleucine, leucine, valine? methionine, 
phenylalanine, tryptophan, lysine and threonine. 
“These amino acids (which are in the L form) can 
either be given alone as the nitrogen source or in 
combination with ““non-essential” r-amino acids. 
The optional non-essential amino acid content of a 
diet is not known, but egg protein is taken as a 
reference in which 51% of the amino acids are 
essential. The minimum daily requirement for egg 
protein if adequate non-protein calories and other 
nutrients are supplied is about 0.42 g/kg body 
weight in normal subjects. 


Interrelationship between intakes of energy, protein 
and other nutrients (Rudman et al., 1975; 
Wilmore, 1977). i 

Nitrogen balance studies illustrate the import- 

ance of considering nutrients, not in isolation but 
in relationship to one another. As energy intake 
increases in a diet containing a fixed nitrogen 
content, nitrogen balance improves until it reaches 
a maximum plateau for that intake in that indi- 
vidual, This is the basis for the commonly recom- 
mended nitrogen : calorie ratios ranging from 
1:200 to 1:400. These are useful practical 
guides, but have little scientific precision. The 
importance of other constituents of a diet like 
sodium, potassium, phosphate and zinc on nitro- 
gen balance is becoming increasingly recognized, 
and it is likely that many others should be included 
in this list. The practical implication is that, for 
optimally effective nutritional treatment, many 
different food constituents must be supplied in 
adequate amounts; we should remember this par- 
ticularly when using i.v. feeding. 


ORAL, ENTERAL AND PARENTERAL FEEDING— 
CLINICAL PRACTICE 


Food in whatever form should be reintroduced to 
the undernourished or the critically ill patient 
slowly and with care. In particular, the impli- 
cations of refeeding upon sodium and water re- 
tention should be stressed (Gozansky‘and Herman, 
1971). In Jamaica (Waterlow, Golden and Patrick, 
1978) studies have been made of the relationship 
between variations in sodium pump activity and 
the acute fluid retention sometimes seen during 
the refeeding of infants with protein-energy mal- 
nutrition. It may prove to be important to ensure 
that vitamin, electrolyte and trace element status is 
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corrected before attempting to achieve a rapid 
weight gain in severely malnourished individuals. 
Once an individual patient is thought to need 
special feeding and the nutrients required have 
been decided upon, then the feed should be 
provided in the simplest, cheapest way which is 
most pleasant. 


Oral feeding (Davidson et al., 1979) 

Ordinary food must be the first choice if the 
patient has a reasonable appetite, can swallow, and 
his gastrointestinal tract is usable. The close co- 
operation of the dietician is necessary and her 
knowledge of dietary assessment techniques and 
her ability to provide a known intake in acceptable 
form should be exploited to the full. Nutritional 
balance data can be achieved with sufficient 
accuracy for clinical purposes if good records are 
kept and particularly if weighed diets can be 
provided, or if duplicate feeds are kept and 
analysed. Supplementation can be achieved using 
palatable commercially available feeds, examples 
of which are shown in table 111. 


Enteral feeding (Johnston and Lee, 1978) 

Technique. Enteral feeding can be achieved 
using a transnasal tube or via an enterostomy. For 
nasogastric or nasoduodenal feeding we favour the 
Vygon 6-gauge silicone rubber paediatric tube 
because it does not stiffen with time. When place- 
ment is difficult the tube can be chilled in a 
refrigerator to stiffen it a little, or the Clinifeed 
tube, which is supplied with a stiffener, can be 
used. Both tubes have internal diameters of about 
1 mm. 

Feeds should be infused rather than given as a 


- bolus. A 1500-ml plastic container attached to a 


giving set of suitable length is convenient. Flow 
can be maintained either by gravity (controlled by 
roller or gate clamps or by one of the newer 
inexpensive devices now available) or by pump. 
Simple low-cost peristaltic pumps such as the 
Viomedex or Clinifeed models are suitable. The 
Viomedex pump is conveniently used with a 
specially designed bag and giving set with a 
silicone rubber insert. Each patient has two bags 
which are used alternately; while one is in use the 
other is washed, cleaned with dilute sodium hypo- 
chlorite and allowed to dry. 

Choice of feed. Except under special circum- 


` stances (see the end of this article), whole protein-, 


fat- and glucose polymer-containing feeds are used 
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because they are cheaper and more physiological 
than elemental diets. Requirements have already 
been discussed. Table III shows some of the 
products EE with their, principal 
constituents. = 

Record charts..We deed to know how much of 
each key nutrient a patient has recetved each day; 
for practical reasons this will sometimes be dif- 
ferent from that prescribed. Accurate records of 
intake must be kept by the nursing staff, and the 
clinician or'dietician should, by a knowledge of the 
contents of the prescribed feed, be able to translate 
the fluid intáke into intake of any specific nutrient 
in which he i is interested. 


Recording of the outputs of urine, faeces and ` 


fistulae i is also important if fluid balance is to be 
assessed. Balance stúdies of nitrogen, electrolytes 
or other nutrients will depend upon accurately 
timed collections * of excreta, and biochemical 
assays. Body weight, should be measured at least 
weekly, and urine, sugar daily. A summary chart 
can be designed "which includes spaces for daily 
intakes of principal nutrients such as energy, 
protein, electrolytes, vitamins and trace elements 
and outputs of fluid, sodium, potassium and urea 
or nitrogen, urine sugar and body weight. It is 
helpful algo to leave room for plasma concen- 
trations ‘of electrolytes, urea and proteins, but 
these should be regarded as crude checks; day to 
day alteration of intake should rely most on 
balance data. Except i in critically ill patients it is- 
often possible to reduce blood sampling to once 
weekly after feeding is established. 

_ «Preparation of feeds. Feeds can either be pre- 
pared on thé ward or in a central diet kitchen. The. 
latter has advantages: if additives need to be made 
to proprietary preparations, stores can be kept 
centrally, proper weighing scales and electric 
_blenders can be provided without duplication and 
mixing “tricks” and expertise are developed. 
When supplementary or elemental diets are pro- 
vided for oral consumption, they can be presented 
and flavoured skilfully; for example, Vivonex can 
be presented as a-fruit jelly. Finally, hygiene is 
readily encouraged, maintained and checked. . 

Complications. The various approaches de- 
scribed aim to limit the complications of enteral: 
feeding. The soft, fine-bore tube helps prevent 
nasal and throat discomfort, and oesophageal 
damage in the longer term. The silicone rubber. 
tubes can be left im situ for many weeks if 
necessary. 
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Sensations of gastrointestinal fullness are mini- 
mized by steady infusion (by pump if necessary) 
with gradual i incrementation of intake over a week 
or $0. Diarrhoea and vomiting are also minimized 
in this way. Very hypertonic feeds are best avoided 
usually and it may be necessary to avoid lactose in 
intolerant patients. High fat intakes are better 
avoided in patients with severe steatorrhoea, to 
reduce fluid and electrolyte losses. Medium-chain 
fatty acid-containing triglycerides can be tried in 
steatorrhoea, because such fatty acids are less 
dependent for absorption on bile salts and pan- 
creatic lipase, but in some cases exacerbate diar- 
rhoea. Contamination of the feed can also cause 
diarrhoea and the risk is minimized by good 
hygiene, and refrigeration of the feed between 
mixing and use. Feeds not used within 1 day are 
probably best discarded. 

Metabolic complications and deficiency syn- 
dromes are prevented by careful feed design and 
prescription, with accurate record-keeping, 
screening and charting. Care is needed to ensure 
that patients do not become hyperglycaemic; 
insulin is prescribed as required. The causes of the 
abnormalities of plasma bilirubin, transaminases 
and alkaline phosphatase which are sometimes 
associated with both enteral and parenteral feeding 
are not fully understood. Ill patients often have 
other unrelated causes of hepatic dysfunction. 
Fatty liver is commonly associated with mal- 
nutrition. Biliary stasis may occur in patients fed 
parenterally who are not taking food, and 
especially fat, by. mouth. Sometimes none of these 
factors seems to be the cause, and histological 
examination reveals only mild portal infiltration. 
The problem is seldom so severe that feeding has 
to be stopped. Metabolic bone disease as a cause of 
increased alkaline phosphatase concentration 
should be borne in mind in undernourished 
patients. : 


Parenteral feeding (Johnston, 1977; Powell-Tuck, 
1979; Karran and Alberti, 1980) 

` When adequate food cannot be instilled into or 
absorbed from the gastrointestinal tract, and the 
situation is not likely to be corrected early, then 
parenteral feeding may be indicated. Typical 
parenteral inputs are shown in table I. Table IV 
shows the composition of some solutions available 
in the U.K. If when we feed a patient parenterally 
our object is to achieve weight gain, that is gain in 


.body cell mass and fat stores, then nutritional 
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TABLE IV. Constituents of some solutions available in the U.K for parenteral nutrition 
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Constituents Energy 
of 1 litre (kcal) 
Amunoplex 5 L Amino Acids (LAA) 1000 
Sorbitol 100% 
Ethanol 5% 
Amunoplex 14 LAA 340 
Vamin glucose LAA 10% glucose 650 
Vamin N LAA 250 
Amunosol 10% Casein hydrol. . 310 
Travasol/ LAA Sorbitol 15% 760 
Synthamin 7S 

Synthamin 9 LAA 250 
14 LAA 375 
17 LAA 450 
Amunofusin L600 LAA Sorbitol 10% 600 

Electrolyte 
in dextrose A 20% Glucose 800 
B 20% Glucose 800 
Glucoplex 1000 24% Glucose 1000 
1600 40% Glucose 1600 
Glucose 20% 800 
Intralipid 10% Soya bean oil 10% 1000 

Glycerol 
Intralipid 20% Soya bean oil 20% 2000 
Glycerol 


treatment will need to continue for weeks; apart 
from weight increments attributable to rehy- 
dration or overhydration, a gain of about 1 kg per 
week in the adult can be regarded as good progress. 
Parenteral nutrition will therefore commonly be a 
long-term treatment lasting weeks or months, 
unless the limitation of gastrointestinal function is 
short-lived, enabling later oral and enteral feeding. 


If our object in feeding the patient is to induce ' 


temporarily metabolic responses to nutrient intake 
such as increased whole-body protein turnover or 
energy expenditure, or if our object is to prevent 
weight loss during a short critical period of an 
illness, then feeding may realistically be con- 
sidered for shorter periods of 1-2 weeks. 

Techniques of i.v. feeding are designed to 
eliminate the main complications, which are: those 
related to means of vascular access; metabolic 
abnormalities, imbalances and deficiencies; sepsis. 

Vascular access. Three main approaches to 
gaining access to the venous system have been 
tried for parenteral feeding: peripheral venous 
cannulation, central venous cannulation and 
arteriovenous shunts or fistulae. 

Peripheral veins tend to thrombose rapidly after 
cannulation and this tendency is much increased 





mmol of 
N 
(g) Na K Mg Ca PO, HCO, 
5 35 15 — 
134 35 30 — — — — 
9.4 50 20 1.5 2.5 — — 
-9.4 50 20 1.5 2.5 — — 
12-15 135 1.4 — — 5 — 
6.6 38 30 25 — 15 — 
9.3 73 60 5 — 30 — 
14.3 73 '60 5 — 30 — 
16.9 73 60 5 — 30 — 
8.8 40 30 5 e — — 
— — — 28 26 — -— 
— — 60 — — 60 — 
— 50 30 2.5 — 18 — 
— 50 30 25 — 18 e 
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by the infusion of hypertonic or acid solutions or of 
blood products. Thus low concentration amino 
acid and glucose solutions have to be used, and 
energy has to be supplied principally from fat 
emulsions such as Intralipid. Regimens supplying 
up to 80% of the energy as fat emulsions have been 
used successfully. Alternatively, isotonic amino 
acid solutions can be infused with electrolytes, 
vitamins and trace elements, but without a calorie 
source. Such an approach has been shown to be 
capable of improving nitrogen balance in short- 
term studies (Blackburn et al., 1973; Hoover et al., 
1975; Greenberg et al., 1976), and may be worthy 
of consideration as an alternative to routine 
electrolyte and dextrose infusions after operation. 

To supply more than 4-600 kcal as carbohy- 
drate (100-150 g) without a large intake of water 
we will need to use some other means of vascular 
access. Attempts have been made to insert and use 
arteriovenous shunts or create a-v fistulae for 
long-term feeding, but experience discourages 
their use because they tend to thrombose in the 
non-uraemic patient. It is generally accepted that a 
central venous catheter is best. : 

A central venous catheter used for parenteral 
feeding has certain differences from one used for 
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central venous pressure monitoring. The nu- 
tritious solutions infused through ft can support 
the growth of bacteria and Candida. It will often 
need to remain in place for periods of weeks or 
months. Thrombosis of central veins is a major 
risk of parenteral nutrition and may not always be 
immediately clinically apparent. We favour the 
routine use of a silicone rubber catheter, inserted 
in Operating theatre conditions using a full aseptic 
technique. The catheter should lie with its tip near 
the junction of the superior vena cava and right 
atrium, and should enter the subclavian vein on 
the flat anterior chest wall after passing just 
beneath the skin for 5-10 cm. A “skin-tunnelled” 
catheter such as this is readily.inserted by a blind 
technique if the catheter has a detachable hub. We 
use an infraclavicular approach usually, but a 
supraclavicular technique can be used if preferred, 
provided careis taken when tunnelling the catheter 
over (or under) the clavicle on to the anterior chest 
wall, so that kinking cannot occur when the patient 
moves. A blind approach such as this carries a 
small (less than 5%) risk of pneumothorax. If this 
risk is not acceptable, a cut down to the cephalic 
vein in the deltopectoral groove can be used. The 
same catheter can be used, or alternatively the 
more sophisticated and expensive Broviac or 
Hickman catheters; these have a dacron cuff 
attached which is placed in the skin tunnel so that 
ingrowing fibrous tissue fixes the catheter after 2-4 
weeks, thus obviating the need for fixing stitches. 
The advantages of such skin-tunnelled catheters 
are considerable. First, they are comfortable for 
the patient. Second, they are capable of use over 
periods of more than 1 year if care is taken to 
prevent sepsis and thrombosis; the catheter is soft 
enough not to cause intimal or more serious venous 
damage and is made of a material which is well 
tolerated and does not kink permanently. Third, 
the skin tunnel acts as an effective early warning 
system because organisms passing along the 
outside of the catheter from the skin surface must 
traverse the tunnel before reaching the blood 


stream and in so doing they cause visible inflam- : 


mation. If a silicone rubber catheter is used, any 
inflammation visible at the skin puncture or along 
the skin tunnel is an indication for removing the 
catheter. Finally, because the catheter emerges at a 
site which is relatively flat even in the emaciated 
patient, it is easy for the nurses to dress. The entry 
site is cleaned wíth chlorhexidine in alcohol, 
sprayed with an iodophor powder, sealed with a 
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plastic dressing spray such as “‘Opsite” and then 
covered with a simple semi-occlusive island 
dressing such as “Steripad”. The process is re- 
peated after bacteriological swabbing whenever 
the dressing becomes loose, or at least once weekly. 

A simple arrangement for delivery of the nu- 
trient fluids is desirable in order to enable busy 
nurses to make the necessary bottle, bag and giv- 
ing set changes by a planned and organized aseptic 
technique. Tubing junctions which are potential 
sites for microbial invasion should be kept to the 
minimum; this is readily possible now that two- 
and three-limbed, single-piece giving sets are 
available. Giving sets should be discarded after 
each 24 h. The additions of vitamins, electrolytes 
and trace elements which will have to be made to 
the infusate must be done in ideal surroundings in 
a clean air unit with a laminar flow hood, by 
personnel observing full aseptic technique (gloves, 
sterile clothing, mask, etc.) and acquainted with 
the chemical compatibilities of the additives and 
the infusate. This role is properly played by the 
pharmacist. This approach can be taken a stage 
further so that the pharmacist mixes most or all of 
the nutrients required for a 24-h period into a 
single 3-litre capacity disposable Viaflex bag 
(Powell-Tuck et al., 1978). At present we cannot 
recommend zhe addition of fat emulsions into such 
mixtures because pharmaceutical testing raises 
doubt about their stability and therefore safety. 
Intralipid is infused separately. Such a bag greatly 
reduces the number of connections and bottle 
changes mace by the nursing staff in the ward or 
intensive care unit. The method allows use of a 
single giving set, and is conveniently controlled, if 
desired, by a low-output pressure pump such as 
the Valleylab or Imed. The convalescent patient 
can be fed over periods of less than 24 h and the 
catheter spigotted and heparinized. If this is to be 
done the glucose containing infusion should be 
slowed for 30 min before stopping, to prevent 
rebound hypoglycaemia. Such temporary freedom 
from the catheter can considerably reduce the 
psychological dependence on the feed and on the 
nurse who caanges it in patients fed in the long 
term. As convalescence progresses we now 
commonly teach our patients to make the 3-litre 
bag changes and catheter heparinizations them- 
selves, further increasing their sense of inde- 
pendence. This is the basis of successful home 
parenteral feeding in patients with gastrointestinal 
failure. 
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The 3-litre bag approach need not present a 
problem in the acutely ill patient, where hour-to- 
hour flexibility is sometimes required. It is not 
usually desirable to make rapid changes in 
nitrogen or energy input, nor of essential vitamins 
or trace elements. Requirements of magnesium, 
calcium and phosphate are usually supplied in 
constant amount, but it is reasonable not to infuse 
calcium in the short-term and it can be omitted 
from the 3-litre bag if necessary. The main hour- 
to-hour flexibility required is in the supply of 
water, sodium, chloride, potassium and 
bicarbonate. These can all easily be supplied as 
commercially prepared solutions which can be 
given either centrally or peripherally. Additives by 
the nurses are not necessary; antibiotics and other 
drugs should be given by a separate peripheral 
infusion. 

Once additives or mixtures have been made the 
container should be refrigerated until just before 
use. Solutions to which vitamins have been added 
are protected from the light not only during 
storage, but also during infusion. Care must be 
taken to see that vitamins not present in multi- 
vitamin preparations, particularly vitamin K, B12 
and folic acid, and also vitamin D and perhaps 
others such as biotin, are supplied by other means 
(either orally, i.m. or i.v.). 

Detailed records must be maintained. We need 
to know the actual amount infused (not pre- 
scribed) of the main nutrients including water, 
electrolytes, energy and. nitrogen. We need to 
know-whether adequate vitamins, essential fats 
and trace elements have been given. Output 

' records of water, sodium, potassium and urea or 
nitrogen allow balances, to be calculated and 
adjustments made. Finally, blood sampling allows 
crude week-to-week (more is often unnecessary) 
assessment of blood nutrient concentrations. As 
with enteral feeding, the emphasis is an 
adjustment by balance rather than by measure- 
ment of blood concentration. 


INDICATIONS 


There are at present no known absolute contrain- 
dications to supplying balanced nutrition to a 
patient, although there is some evidence that the 
course of malaria may be adversely affected by 
high protein feeds. The potential dangers of 
overenthusiastic early treatment of severe under- 
nutrition have already been mentioned. A high 
energy intake gives rise to increased carbon di- 
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oxide production, particularly in the injured 
patient given’ glucose. This may have practical 
implications in the injured patient with respiratory 
failure when increases in carbon dioxide output of 
56% have been documented (Askanazi et al., 
1980). As a generalization, however, any patient 
who is weakened by food deprivation, or who will 
become so if left untreated, requires nutritional 
support. Ordinary food is the first choice if the 
patient can eat and assimilate it; liquid enteral 
feeds or supplements are used if the intake of food 
is the principal limiting factor; parenteral nu- 
trition is reserved for those in whom it is impos- 
sible or impractical to provide adequate nutrition 
intestinally, or if for some reason it is undesirable 
to use the gut. 

Table V shows the broad indications for enteral 
and parenteral feeding; however, none of the indi- 
cations shown is absolute and decisions to instigate 
feeding or not depend upon how long the indi- 
cation is likely to persist, the rate of weight loss and 
the patient s nutritional state. 


Dacia in spectal circumstances ` 

Perioperative nutritional support. A number of 
reports have shown an association between poor 
nutrition before operation and morbidity and 
mortality after operation, whether the nutrition is 
assessed by weight loss, delayed hypersensitivity, 
plasma protein concentrations or whole body 
potassiúm measurement (Studley, 1936; Meakins 
et al., 1977; Harvey et al., 1978; Walesby et al., 
1979). Support for the idéa that the poor nutrition 
is the cause of the increased mortality and mor- 
bidity comes principally from animal studies. A 
high-protein diet allows wounds to heal quicker 
(Clark, 1919) and animals rendered hypoalbu- 
minaemic by diet,and plasmapheresis exhibit poor 
healing of abdominal wounds (Thompson, Ravdin 
and Frank, 1938) and after operation have weak 
colonic anastomoses which can be strengthened by 
nutritional treatment (Steiger et al., 1973). Con- 
trolled trials in humans have suggested also that 
parenteral feeding after operation can reduce 
surgical, complications (Collins, Oxby and Hill, 
1978) and feeding before operation can reduce 
mortality (Muller et al., 1980). 

The use of peripheral infusions of isotonic 
amino acids to improve nitrogen balance after 
operation has already been mentioned. Intraduo- 
denal feeding is also possible (Sagar, Harland and 
Shields, 1979). Nitrogen losses can be.reduced in 
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TABLE V. Indications for artificial feeding. * Short bowel or short circuits of the intestine (e.g. fistulae) can often be managed orally or 

enterally. Food has a trophic effect, enhancing intestinal adaptation to major resections of intestine. t These conditions are often 

associated th undernutrition resulting from reduced appetite, sncreased losses and sometimes intestinal short-circusting. The 
undernutrition should be managed by means appropriate to its principal cause 


Reduced intake 
Unconscious 
Dimmnished appetite 
Abnormal swallowing 
Partial oesophageal obstruction 


Increased demands 
Severe burns, trauma, infection/inflammation 


Intesnnal failure causing undernutrition 


Enreral Parenteral 

+++ 

+++ (Supplementary) 
+++ 


Abnormalities of motility (leus, pseudo-obstrucnon, etc.) 


Chronic obstruction 
Short bowel or short circuit* 
Other causes severe malabsorption 


Intestinal diseases without undernutrition - 
Fistulat i 
Inflammatory bowel diseaset 


Special cases 
Renal failure 
Hepauc failure 


? Essential amino acids 
? Branched chain amino 


. acids-enriched mixtures 


the catabolic patient by the use of insulin 
(Woolfson, Heatley and Allison, 1979) or anabolic 
steroids (T weedle, Walton and Johnston, 1973), or 
by nursing the patient in a warm environment 
(Stoner, 1970). Similarly, it should be remem- 
bered that immobilization increases nitrogen los- 
ses. However, as yet we do not know whether 
negative balance per se is associated with poor 
healing. . ` 

' Because it is probably neither justifiable nor 
practical on economic grounds to feed all patients 


undergoing surgery enterally or parenterally, it is: 


tentatively recommended that patients who have 
lost 20% or more of their body weight should be 
treated nutritionally before operation if the oper- 
ation can be delayed for 1-2 weeks, and should be 
supported after operation enterally or parenterally 
by the provision of a complete mixture of nutrients 
until adequate intake of normal food is possible. 
For critically ill patients following surgery, trauma 
or burns, especially if sepsis is present when 
weight loss can be greatly accelerated, much earlier 
feeding is indicated. 

Enterocutaneous fistulae (Leading Article, 1979). 
The mortality rate from fistulae varies enormously 
according to site and aetiology. Comparison of 
results from different hospitals using varying 


treatments may be difficult. However, in hospitals 
where continued records have been kept there 
appears to have been a marked decrease in mor- 
tality over the past 20 years which may in part be 
explained by wider use of nutritional support by 
tube feeding, or by parenteral nutrition. There is 
no clear further reduction in mortality if nu- 
tritional support by parenteral nutrition is com- 
bined with stopping the patient eating and drink- 
ing. It is also not clear whether a period of bowel 
rest" increases the spontaneous closure rate of 
fistulae, but it may often (but not always) reduce 
fistula drainage, thereby making skin care easier 
and the patient, though hungry, more 
comfortable. Bowel rest also seems to reduce the 
Size of associated intra-abdominal abscesses and 
may therefore make later surgical treatment less 
difficult. It should be clear, however, that nu- 
tritional treatment is a supportive form of manage- 
ment, as are skin care and electrolyte replacement, 
and does not supplant the role of operative 


surgery. 


Domicihary parenteral nutrition (Jeejeebhoy et 
al., 1976). An increasing number of centres are 
developing expertise in maintaining and im- 
proving the nutrition of patients by the i.v. route in 
the very long term. Intermittent infusion is pos- 
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sible, allowing good rehabilitation in the home and 
return to work, Although such long-term treat- 
ment is usually not the province of the anaesthetist 
or the staff of an intensive care unit, it is important 
that such staff, who are deeply involved in the 
resuscitation of patients who may for example 
require massive small bowel resections, realize 
that such treatment is available in special centres, 
and that the degree of rehabilitation and quality of 
life can be very acceptable. 

Bowel rest for inflammatory bowel disease. The 
idea that the inflammation of ulcerative colitis or 
Crohn's disease might tend to subside if the 
patient is prevented from taking food or drink 
enterally has been raised by many centres around 
the world. Food and drink certainly have many 
stimulatory effects upon the gut, including se- 
cretion of enzymes, fluid and electrolytes, bile and 
hormones, increase in motility and blood flow, and 
more rapid mucosal cell turnover. Food has a 
trophic effect upon the gut. No controlled 
evidence as yet supports the use of bowel rest as an 
anti-inflammatory treatment for colitis or Crohn’s 
disease; the only trial showed no advantage for it in 
active ulcerative colitis. It seems wrong at present 
to advocate routine use of bowel rest even in acute 
diseases, bearing in mind the expense and 
potential dangers of parenteral feeding. However, 
when parenteral nutrition is indicated on nu- 
tritional grounds it may sometimes be worth a try 
to stop the patient eating. On present information 
we should not regard bowel rest as an alternative to 
proven drug therapy or surgical treatment. 


INDICATIONS FOR SPECIAL FEEDS—GROWING POINTS 


Patients in renal failure (Abel et al., 1973; Walser, 
1977) 

Patients in renal failure undergoing dialysis can 
and should be fed a normal or high-protein diet by 
the route appropriate to their particular needs. 
There has for a long time been interest in low 
protein (20-40 g) diets supplying all other nu- 
trients in adequate amounts in the hope that the 
increased urea pool will be used as a source of non- 
essential nitrogen after conversion to ammonia 
following secretion into the gastrointestinal tract 
and bacterial metabolism. 'The efficiency of 
ammonia reutilization may depend upon the rate 
of intestinal clearance of urea from the blood, 
which appears to vary with diets of differing 
nitrogen content. The idea has been taken further 
and a chemically defined diet (given enterally-or 
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parenterally) containing essential amino acids as 
the orly nitrógen source has been tried. A con- 


, trolled study showed improved survival among 


patients with acute renal failure treated this way, 
compared with patients treated with glucose alone. 
Similarly, there is interest in the use of the carbon 
skeletons of the essential amino acids (their keto 
analogues) which can be aminated from the body's 
non-essential nitrogen and which can result in 
improved nitrogen balance. We need to know if 
such feeds used in conjunction with dialysis confer 
an advantage over normal feeds and dialysis. 


Hepatic failure (Fischer, 1977; Adibi, 1980) 

In hepatic failure from cirrhosis, plasma amino 
acids show a characteristic pattern with 
diminished concentrations of the branched chain 
amino acids and increased concentrations of 
various other essential and non-essential amino 
acids—particularly phenylalanine, methionine, 
tyrosine, aspartate and glutamate. Plasma amino 
acid concentrations in acute fulminant hepatitis 
also show low to normal branched chain amino 
acid values, while the concentrations of most 
others are increased. It has been suggested that ` 
high tyrosine concentrations in the blood and 
diminished competition from the branched chain 
amino acids for transport across the blood—brain 
barrier, result in high tyrosine brain concen- 
trations. Tyrosine is normally hydroxylated to 
dihydroxyphenylalanine (DOPA) and nor- 
adrenaline but the enzyme which governs this 
has a K,, close to the normal tyrosine concen- 
tration. Thus as the concentration of tyrosine 
increases, so this amino acid is preferentially 
decarboxylated to octopamine, a false (ineffec- 
tive) neurotransmitter. Noradrenaline synthesis 
is thought to be inhibited also by increased con- 
centrations of tryptophan, phenylalanine and the 
false neurotransmitters octopamine and phenyl- 
ethanolamine. E 

It has been suggested that infusion of a mixture 
rich in branched chain amino acids but deficient in 
tryptophan, methionine and phenylalanine might 
improve the state of the patient in hepatic coma or 
precoma, while allowing an adequate nutritional 
intake. 

The infusion of branched chain amino acids or 
their ketoacids improves nitrogen balance in the 
normal or obese subject. An infusion of leucine 
results in a reduction in the concentrations of 
many Other amino acids, probably as a result of 
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enhanced muscle protein synthesis. Such in- 
creased synthesis has been demonstfated in vitro. 
Thus there is also growing interest in the use of 
branched chain amino acid solutions in catabolic 
patients not suffering from hepatic failure. At 
present, however, we do not know whether such 
infusions confer clinical benefit upon the patient, 
and trials are needed. Even if benefit is demon- 
strated, much work needs to be done to test the 
various hypothetical rationales for their use. 


Elemental diet (Russell 1975; Goode, 
Koretz and Meyer, 1980) 

Elemental diets, in which food is presented 
predigested as amino acids or small peptides, short 
glucose chains with or without fat, and all the other 
nutrients required, have been advocated in a wide 
variety of illnesses. Such diets, represented in the 
United Kingdom. by Vivonex and Flexical, are 
more expensive than diets containing whole 
proteins, and are probably no more efficient in the 
treatment of malnutrition. This may also be 
applicable even in patients with short bowels after 
extensive small intestinal resection. Elemental 
diets might be expected to have advantages in 
patients suffering from severe chronic pancreatic 
insufficiency although pancreatic extracts are 
readily available for addition to whole-protein 
feeds. It seems unlikely that elemental diets of fat, 
nitrogen and calorie content similar to, and 
administered by means comparable to those for 
whole protein liquid diets, result in different 
intestinal, pancreatic or biliary secretion. Their 
advantage may be in their ability to reduce greatly 
colonic faecal output, but again comparisons have 
not been made between elemental and non- 
elemental liquid feeds. They can prove useful in 
the patient with severe perineal disease for whom 
defaecation is painful. They have also been used as 
means of improving the nutrition of patients with 
multiple small intestinal strictures. 


1977; 


CONCLUSION 
THE TEAM APPROACH 
Successful enteral and parenteral nutrition de- 
pends upon good organization, record keeping and 
co-operation between many different people. 
Nursing staff bear much of the load and if they are 
to be expected to maintain accurate delivery of 
nutrients, correct records and, in the case of 
parenteral feeding, scrupulous asepsis, then care 
must be taken that they are not overloaded with 
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work. A specialist nursing sister is invaluable if 
nursing programmes are to be developed, 
techniques taught and supervision maintained. 
Enteral feeds are best made up in a central diet 
kitchen under the supervision or guidance of the 
dietician. Thus equipment like mixing bowls, 
blenders and measuring jugs and scales, and the ` 
many various constituents of enteral feeds are 
centralized and do not require duplication in every 
ward. Experience gained improves flavouring and 
presentation. The dietician also plays an important 
role in dietary assessment. Her skill will help 
prevent illogical distinctions being made between 
“food” and “enteral feeds”. The pharmacist's role 
in parenteral feeding is important not only in 
making additives and mixtures professionally and 
in ideal conditions, but also in his ability to advise 
about the compatibility of different mixtures of 
nutrients and their storage potential. He, like all 
the clinical personnel, will work in close contact 
with bacteriologists and brochemists. Finally, it is 
advantageous if a clinician with a special interest in 
nutrition is closely involved. Hospital nutritional 
treatment should be regarded as a specialty or 
“special interest’? comparable to any other. It is 
doubtful whether a proper nutritional service 
within a hospital can ever be supplied ad hoc. 
Increasingly, the advantages of a co-ordinated 
team of. people organizing all nutritional care 
within a hospital are being recognized. A team 
approach need not necessarily imply segregation 
of patients into special units; rather 1t functions by 
providing support wherever the patient may be— 


‘in the wards, the intensive care unit or, in- 


creasingly, eyen the home. 


k APPENDIX 
CALCULATION OF NITROGEN BALANCE 
(After Lee, 1974) 
Urinary urea constitutes about 5/6 total unnary nitrogen. 
Therefore 


Total urine N(g) = unne urea (g) x 28/60 x 6/5 
or 
Total urine N(g) = unne urea (mmol) x 0.033 


However, errors are caused 1f urea accumulates 1n or is lost 
from the body pool during urine collection. Since urea is 
evenly distributed throughout the body water, total body pool 
can be calculated from plasma concentration, if an esumate of 


_total body water can be made. The formula (total body 


water = body weight x 60%) can be used clinically. 

Nitrogen correction (mg) — change in plasma urea concen- 
tration during the urine collection (mmol per litre) x body 
weight (kg) x 60/100 x 28/60. 
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Corrections will also need to be made for pathologically 
high unne or faecal (including fistula) losses—otherwise 
assume faecal N = 1 g. 
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STUDIES OF BODY TEMPERATURE 
DURING EXERCISE IN HUMAN SUBJECTS 
SUSCEPTIBLE TO MALIGNANT HYPERPYREXIA 


I T. CAMPBELL* AND F. R. ELLIS 
Leeds University (St James's) Hospital, Leeds 


In a previous communication (Campbell, Ellis and Evans, 
1980) we described the effects: of food and mild exercise on 
metabolic rate and various biochemical parameters 1n human 
subjects susceptible to malignant hyperpyrexia (M.HS). Nine 
control and nine MHS subjects were studied at rest, fasting, 
and during 20min exercise on a bicycle ergometer. 
Subsequently they consumed a 2510-kJ (600 kcal) liquid meal, 
rested for 55 min and undertook a further 20-min exercise on 
the ergometer. Body temperature was measured just inside the 
rectum at the end of each rest period and at the end of each 
exercise period. 

Rectal temperature was 0.2 °C less in the MHS group at rest 
fasting, compared with the controls (P 0.05). However, it was 
significantly less in the MHS group exercising, fasting (0.5 °C, 
P<0.01), at rest, fed (0.3 °C, P<0.05); and exercising, fed 
(0.5 °C, P<0,01) compared with controls. 

Five MHS and five control subjects, matched for age and sex 
(mean age 29 yr; four male, one female), rode a bicycle 
ergometer at six to eight incremental workloads, with no break 
between each workload, from rest up to exhaustion. The period 
at each workload was 5 min. Heart rate was measured continu- 
ously, and temperatures, which were also recorded continu- 
ously, were measured just inside the rectum, in the external 
auditory meatus, on the lateral aspect of the thigh, on the chest 
wall just lateral to and above the nipple and on the pad of the 
thumb. Heart rate after 4 min of exercise at each workload, and 
mean temperature during the 5th minute of each workload, 
were used to derive a presumptive temperature for each 10-beat 
increment in heart rate from 80 to 180 beat min” ! for each of 
the measurement sites. 

Mean rectal and thigh temperatures in the MHS group were 
persistently less than in the controls, but this difference was not 
significant. Meatal temperature of the MHS group was 
significantly greater than the control by 0.1 °C at 80 beat min ^! 
and by 0.3 °C at 180 beat mın” +. Thoracic wall temperature at 
110-160 beat mun” ! increased by 0.3 °C in the MHS group and 
by 1.2 °C ın the control (P «0.05). Thumb temperatures 1n 
both groups at heart rates of 80 beat min" ! were similar, but 
after an initial decrease, thumb temperature 1n tbe control 





* Present address: Royal Liverpool Hospital, Liverpool. 


group increased steadily throughout exercise Thumb 
temperature in the MHS group again decreased with the onset 
of exercise and remained less than the value at 80 beat min” ' 
until heart rate increased to 130-140 beat min” '. Differences 
in thumb temperature between the two groups were significant 
at 110, 120 and 130 beat min”! (P «0.05). 

It was demonstrated previously that, at rest and during mild 
exercise, heat production of the MHS subjects was the same as 
controls (Campbell, Ellis and Evans, 1980). The differences in 
temperature at the various sites described must therefore result 
from an anomaly in the peripheral blood flow in the MHS 
subject. We postulate that this must involve the sympathetic 
nervous system. 
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SOME OBSERVATIONS WITH DI-ISOPROPYL 
PHENOL (ICI 35 868) 


L. P. BRIGGS, J. W. DUNDEE AND R S. J. CLARKE 
Department of Anaesthetics, The Queen's Uniwersity of Belfast 


Di-isopropyl phenol is a new i.v. anaesthetic available as a 1% 
solution in 16% Cremophor EL. We have induced anaesthesia 
in over 200 patients with varying doses of the drug and report 
some of our findings obtained in unpremedicated adults. 

Doses of 1.5 mg kg”! and less, injected 1.v. over 20 s, did not 
induce sleep consistently as judged by cessation of counting. 
While a 1.75-mg kg! dose was effective in all patients studied, 
its effect was very transient and we would recommend 
2mgkg ! as a suitable induction dose. When injected at the 
peak of reactive hyperaemia (Clarke et al, 1968) this dose 
caused loss of consciousness in 10.5 -- 0.33 s (mean + SEM) in 
20 patients, indicating that it is a rapidly acting” drug similar, 
in this respect, to thiopentone. The onset time averaged 
32.54 1.5 s following 2.0 mg kg”! given over 20s 

Pain on injection occurred in 6% of patients in whom there 
was no extravasation of drug. Table I shows that pain appears 
to be markedly influenced by the site of injection 
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TABLE I. Frequency of patn on injection 


Vein 


Cannula ; n Pain 
Antecubital Large 63 1 

Medrum 25 1 
Hand/wrist Medium 12 4 


A detailed 10-14-day follow-up of the frequency of throm- 
bosis was carried out in 30 patients who received single doses of 
di-isopropyl phenol into a vein which was not used for any 
other drug, and in whom arterial pressure recordings were 
taken in the contralateral arm (Hewitt et al., 1966) Three 
patients had phlebitis on the 1st o7 2nd days after injection and 
one had localized thrombophlebitis at 14 days. In this respect 
di-isopropyl phenol 1s comparable to the barbiturates and 
Althesin. 

Tibial pressure algesimetry (Dundee and Moore, 1960) was 
carried out in groups of 10 patients following subnarcotic doses 
of 0.24 mg kg !, repeated ın 3min, or single doses of 
0.5 mg kg li. In contrast to the findings with thiopentone, 
ICI 35 868 did not cause any increase in sensitivity to somatic 
pain and on occasions was followed by slight analgesia. When 
intermittent doses were given, to a total of 5-7 mgkg ^ !, 
analgesia was demonstrated consistently for 10-30 min. 


REFERENCES 
Clarke, R. S. J., Dundee, J. W., Barron, D. W., and McArdle, 
L. (1968). Br. F. Anaesth., 40, 593. 
Dundee, J. W., and Moore, J. (1960). Br. $. Anaesth., 32, 396. 
Hewitt, J. C., Hamilton, R. C., O'Donnell, J. F. ,and Dundee, 
J. Y. (1966). Br. 7. Anaesth., 38, 115. 


EFFECT OF SOME GENERAL ANAESTHETICS 
ON THE ELECTRICAL CONDUCTANCE OF PORE- 
CONTAINING BLACK LIPID MEMBRANES 


A. R. DLUZEWSKI* AND M. J. HALSEY 
Clinical Research Centre, Harrow, Middlesex 


Black lipid membranes (BLM) were formed by applying a bulk 
lipid solution to a small aperture in a Teflon parution which 
separated potassium chloride 0.1 mol litre ^! aqueous bathing 
solutions. 

In the first series of experiments BLM were formed from a 
lipid solution comprising glyceryl monooleate and cholesterol 
dissolved in n-decane. These were made conducting by in- 
corporating the channel-forming polypeptide o-pyromelhtyl- 
gramicidin A. Its hydrophylic end group makes it particularly 
water-soluble, hence reproducible concentrations of poly- 
peptide in the aqueous phase and subsequently the bilayer were 
readily attainable. For each anaesthetic tested, three different 
concentrations of o-pyromellityigramicidin A were used, cor- 
responding to 0.5, 5 and 50 nmol litre”! in the aqueous phase. 
Anaesthetic was made available to the BLM by equilibrating 
the bathing solutions and apparatus with a known gaseous 
concentration of anaesthetic. This obviated the need for 
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specifying bilayer concentrations of anaesthetic and allowed an 
easy comparison*to be made with doses used surgically. In this 
study the anaesthetic doses were varied between D and 4% for 
halothane, 0 and 2% for methoxyflurane and 0 and 8.5% for 
diethyl ether (all concentrations are expressed as % vol/vol in 
the gas phase at 23 °C). None of the anaesthetics tested had any 
significant effect on the o-pyromellitylgramicidin A-mediated 
BLM conductance. It would therefore seem unlikely that the 
primary effect of these general anaesthetics is to cause a 
significant increase in bilayer thickness (Hendry, Urban and 
Haydon, 1978). 

In order to test if the lack of an effect on channel systems was 
a more universal phenomenon, the effect of halothane on 
alamethicin-mediated conductance in BLM formed from a 
bulk solution of oxidized cholesterol in n-octane was also 
investigated. The action of alamethicin differs from that of 
gramucidin by virtue of its conductance being dependent on the 
applied voltage. Thus a plot of log conductance v. the applied 
potential difference is linear. It was found that 1.8% halothane 
reduced the gradient of this plot, which at present 1s interpreted ` 
as reduction in the number of alamethicin monomers making 
up the conducting aggregate. 
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ANALGESIC EFFECT OF 1.M. AND ORAL 
KETAMINE 


I. S. GRANT AND W. S. NIMMO 

Department of Anaesthesia, Western Infirmary, Glasgow 

J. A. CLEMENTS 

Deparnnens of Pharmacy, Heriot Watt Umversity, Edinburgh 


Ketamine increases pain thresholds at plasma concentrations 
greater than 100 ng ml^! (Clements and Nimmo, 1981). The 
duration of analgesia following 0.125 mg kg ^! 1.v. was less than 
5 min, while 0.25 mg kg ^! produced analgesia lasting only 
5-10 min. Analgésia of this duration has limited clinical 
application and the present study was designed to assess the 
analgesic action of ketamine administered orally and i.m 

Six healthy, fasting adult volunteers (aged 31.9+(SEM) 
2.0 yr, weight 70.7+ 4.5 kg) were each studied on three occa- 
sions at least 1 week apart: twice after ketamine 0.5 mg kg ^! 
Dm. and oral) and once after placebo. Venous blood samples 
were taken at intervals for 7 h and ketamine and its metabolites 
were measured by gas-liquid chromatography. 

Pain thresholds were measured by the submaximal effort 
tourniquet test (Harrison and Bigelow, 1943) carried out at 15- 
mun intervals from 30 min before drug administration until 2 h 
afterwards. A sphygmomanometer cuff was inflated to 
250 mm Hg and the subject squeezed a wrist exerciser once per 
second. At 15-s intervals he was asked to describe the pain in 
the forearm on a 0-4 scale (pain score). When the pain was 
intolerable, the cuff was immediately deflated and the “tour- 
niquet time" noted. 

Ketamine prolonged the period of pain-free ischaemic 
exercise measured at 15 and 30 min after i.m. injection. The 
mean tourniquet times were 1224 8 sand 119+8 s respectively 
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(control = 89+ 3 s and 90+3 s). Thirty minutes following oral 
administration the tourniquet time was 1094,5 s. At all other 
times, and in the placebo group, tourniquet times and pain 
scores were similar to the values before administration of 
ketamine., ` 

AU subjects remained conscious and Gate after this 
dose of ketamine. Following i.m. administration, some light- 
headedness occurred at 20-45 min. 

In the i.m. study, increased pain thresholds were associated 
with plasma ketamine concentrations of 150 ng ml~' or more. 
In the oral study, plasma concentrations were only 40 ng ml^! 
when there was significant analgesia. However, concentrations 
of the metabolite norketamine were much greater than in the 
im.study and this may have contributed to the analgesic effect. 

Clinical trials are indicated to evaluate further the use of both 
oral and i.m. ketamine in analgesic doses. 


, 
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CLOSED-CIRCUIT ENFLURANE USING AN IN- 
CIRCLE GOLDMAN VAPORIZER 


M. J. JORDAN AND J. A. BUSHMAN 

Research Department of Anaesthetics, Royal College of Surgeons 
of England 

Despite the manifest advantages of totally closed anaesthetic 
systems, it remaıns difficult to predict exact volatile concen- 
trations, particularly with an in-circle vaporizer. 

This study examines the inspired and end-tidal concent- 
rations of volatile agent attained in such a system under various 
conditions. Halothane and enflurane were studied. 

The circuit utilized a Goldman vaporizer ın the inspiratory 
limb of a circuit comprising a 1.8-kg soda-lime absorber and 
two 1067-mm lengths of breathing hose. The patient Y-piece 


incorporated a McGaw Accutach miniature pneumotacho- — 


graph head and a side-arm for connection of a Medishield MS 2 
mass spectrometer and multiplexer. Simultaneous chart re- 
cordings were made of the integrated pneumotachograph 
output, and the concentrations of oxygen, nitrogen, carbon 
dioxide and volatile agent measured at the endotracheal tube. 

A heterogeneous group of healthy patients was studied in 
the period before urological surgery. Induction with thiopen- 
tone was followed by suxamethonium 1 mgkg™! iv. The 
patient’s lungs were inflated with a few breaths of pure oxygen, 
the trachea was intubated and the endotracheal tube connected 
to the closed circle. Only basal oxygen requirements were 
supplied. 

For IPPV, the bag hmb was extended to 2m and the bag 
replaced by the patient valve of a Pneupac 2 ventilator. During 


IPPV the ventilator, which was driven from a separate 400-kPa ` 


oxygen supply, doubled as the source of fresh gas, the supply of 
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oxygen to the circle via the anaesthetic machine flowmeter 
being.turned off.. In this way the net movement of oxygen 
towards the circle from the bag limb confined the volatile agent 
to the circle, which thus remained effectively closed. 

The inspired and end-tidal concentrations of volatile were 
examined at various vaporizer settings, allowing 10 min for 
equilibration after each adjustment. For both agents the useful 
range was between settings 1 and 2 on the Goldman vaporizer. 
The effect of IPPV to 5% end-tidal carbon dioxide was also 
assessed. Repeatability of attained concentrations in the same 


+ patient was found to be good, as judged by the values developed 
, during a period of spontaneous respiration at setung 1% 


included both at the beginning and the end of the study. 
Inspired halothane concentrations developed under spon- 
taneous respiration agreed with previous work. Setting 1 
produced between 0.5% and 0.9%; setting 114, 1.4-2.4% and 
setting 2, 3.3-4.5%. Corresponding inapired enflurane con- 
centrations were: setting 1, 0.8-1.4%; setting 1%, 1.9-2.8% 
and setting 2, 3.7-5%. These values were only marginally 
increased by IPPV, but end-tidal concentrations were greatly 
increased by ventilation and the same alveolar concentrations 
could usually be achieved with a half-stop lower vaporizer 


Despite the patients! receiving minimal | pre-oxygenation, the 
maximum concentrations of nitrogen in the circuit never 
'exceeded 5696. 


SPINAL ANAESTHESIA WITH HYPERBARIC AND 
ISOBARIC BUPIVACAINE 


W. A. CHAMBERS, D. B. SCOTT AND H. EDSTROM 
Department of Anaesthetics, The Royal Infirmary, Edinburgh 
Although bupivacaine has been used extensively in isobaric 
solution for spinal anaesthesia (Nolte ét aL, 1977) little is known 
regarding its use in a hyperbaric solution. In this study we have 
compared the effects of subarachnoid administration of 0.5% 
bupivacaine 3 ml in plain solution (isobaric; sp. gr. 1004), with 
5% dextrose or with 8% dextrose (hyperbaric; sp. gr. 1016 and 
1027 respectively). 

Thirty non-pregnant patients undergoing major gynae- 
cological surgery were studied in a "double blind" manner. 
Each patient received one of the three solutions given in a 
random order. The spread of loss of sensation and motor power 
were recorded over the course of 30 min together with 
measurement af arterial pressure and heart rate. A light general 
anaesthetic or i.v. sedation was administered subsequently and 
surgery allowed to proceed. Note was made of the operating 


conditions and the need for any supplementation to the general 


anaesthetic. 

At the end of operation rapid recovery of consciousness 
usually occurred and further assessment of the level of sensory 
loss was made. 

The spread of analgesia with both hyperbaric solutions was 
greater by three to four spinal segments than with the isobaric. 
Motor block in the legs was complete in all patients in the 
isobaric group and in nune of the 10 patients in each hyperbaric 
group. Because of inadequate spread, the isobaric solution was 
unsuitable for lower abdominal surgery and most patients in 
this group undergoing laparotomy required an increased 
halothane concentration or small doses of a muscle relaxant, or 
both, to provide satisfactory operating conditions. However, 
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the hyperbaric solutions usually produced a block which was 
adequate for surgery. No difference was noted between the 
solutions with regard to duration of action. Most of the blocks 
had regressed to the lumbar segments by 2.5 h. 
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PHARMACOKINETICS OF KETAMINE 


W. S. NIMMO 
Unwersity Department of Anaesthesia, Western Infirmary, 
Glasgow 


J. A , CLEMENTS 
Department of Pharmacy, Heriot Watt University, Edinburgh 


Plasma concentration ume curves after i.v. administration of 
ketamine show a biphasic decline with an initial fast slope (T, 
15 min) followed by a more slowly declining slope (T, 
180 min). Ketamine pharmacokinetics are the same over a dose 
range of 0.125-2 mg kg”? and are simular in volunteers and in 
patients (Clements and Nimmo, 1981). Analgesia 1s associated 
with plasma ketamine concentrations of 100-150 ng ml^! 
(Clements and Nimmo, 1981) and anaesthesia with concen- 
trations of 640-1000 ng mi”* (Idvall et al., 1979). Following 
induction of anaesthesia with ketamine 2 mg kg”? i.v., re- 
covery of consciousness occurs during the rapid distribution 
phase. The analgesic effect continues into the slower metabolic 
phase and the mean plasma ketamine concentration decreases 
to less than 150 ng ml”! 5h after administration. 

Following i.m. administration of ketamine 6 mg kg ! to 
three patients, consciousness was lost within 3-5 min and 
returned approximately 3h later. The mean peak plasma 
ketamine concentration of 1970 ng ml^! occurred at 20 min. 
The mean plasma concentration at 3h was 623 ng ml! and 
plasma concentrations remained greater than 150 ng ml”? 9h 
after administration. None of the three patients studied re- 
quired analgesia after operation whilst the plasma concent- 
rations were greater than 150 ng ml" 1. Further studies have 
been carried out in patients using smaller doses of 1.m. ketamine 
which produced shorter periods of analgesia after surgery. 

In six healthy volunteers, ketamine 0.5 mg kg ! i.m. in- 
creased pain thresholds for more than 30 min when plasma 
ketamine concentrations were greater than 150 ng ml^!. The 
mean peak plasma concentration was 190 ng ml^! and occur- 
red 15 mun after administration. The bioavailability of ium. 
ketarnine was 87%. The mean peak plasma concentration of 
norketamine was 80 ng m] ^! and occurred 1 h after adminis- 
tration. Following oral admunistranon of the same dose of 
ketamine to the same volunteers, bioavailability was only 15%, 
presumably resulting from the high “first pass metabolism" of 
ketamine. The mean peak plasma concentration was only 
40 ng ml^! at 30 min after administration. Plasma concen- 
trations of norketamine were much greater (mean peak plasma 
concentration of 194 ng ml”? at 45 min). Pain thresholds were 
increased by this dose of oral ketamine. Thus ketamine 
metabolites must have some analgesic activity, sen less 
than the parent compound. 
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Ketamine pharmacokinetics are similar in patients and 
volunteers over,a wide dose range. Following i.m. admini- 
stration, peak plasma ketamine concentrations occur at 
15-30 min. Of particular clinical importance 1s the fact that, in 
small 1.m. doses, ketamine may produce prolonged periods of 
analgesia after operation. 
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EFFECTS OF NITROGLYCERIN-INDUCED 
HYPOTENSION ON INTRACRANIAL PRESSURE IN 
DOGS 


D. E. R. Burr, A. J. W. VERNIQUET AND H Homi 
Anaesthetics Unit, The London Hospital Medical College 


There are conflicting reports regarding the pattern of intra- 
cranial pressure (1.c.p.) changes produced by nitroglycerin 
(GTN). Rogers and others (1979) reported that GTN con- 
sistently increased 1c.p. during hypotension in cats, whilst 
Gonzalez-Abola and others (Chestnut et al., 1978) noted only 
small increases in dogs with a normal j.c.p and no increase in 
dogs with an artificially increased 1.c.p. 

In this study, 18 greyhounds were anaesthetized with Le. 
pentobarbitone and thiopentone supplemented with an infu- 
sion of fentanyl and the lungs were ventilated with an 
air-oxygen mixture to maintain slight hypocapnia. Following 
femoral artery cannulation, bilateral cranial burr holes were 
made. An extradural pressure recording balloon was intro- 
duced into one burr bole, and a balloon catheter (capable of 
being inflated to simulate a mass lesion) positioned in the other. 
'The cranial incisions were closed and made watertight. Rapid 
1v. injections of bolus doses of GTN sufficient to produce 
appreciable decreases in mean arterial pressure (m.a.p.) were 
given, each injection being administered after m.a.p. and i.c.p. 
had been stable at contro! values for at least 10 min. M.a.p. and 
mean 1.c.p. were recorded, both at normal 1.c. p. values and after 
the intracrarial pressure had been increased. 

At normal values of 1.c.p. (<12 mm Hg) hypotension pro- 
duced an increase in icp. of 3.1(+0.6) mm Hg 
(mean + SEM) At increased 1.c.p. (12+ mm Hg), dogs with a 
small reduction in m.a.p. ( <25% control) showed an increase 
of'4.7 (+0.5) mm Hg whereas those with a larger reduction in 
m.a.p.(>25% control) showed decreases of /3.2( +0.9) mm Hg 
inic.p In addinon, in 58% of observations (11/19) where a 
decrease in intracranial pressure had occurred, there was a 
rebound increase as m.a.p. was restored. 

Nitroglycerin exerts its hypotensive acuon mainly by dula- 
tation of the capacitance vessels The resulting increase in brain 
blood volume may lead to an increase 1n 1.c.p. In situations in 
which i.c.p. is already increased, dilatation of the cerebral veins 
is restricted, and a decrease in cerebral blood flow may 
subsequently result in a decrease in i.c.p. This may modify the 
reduction m brain perfusion pressure produced during hypo- 
tension. However, a rebound increase of i.c.p. as m.a.p. is 
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restored to normal could occur if the rate of restoration of 
arterial pressure exceeded the capacity of brain autoregulation. 
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BEHAVIOUR OF MIXTURES OF ANAESTHETICS 
AT PRESSURE: SUPPORT FOR THE MULTI-SITE 
EXPANSION HYPOTHESIS OF ANAESTHETIC 
ACTION 


B. WARDLEY-SMITH AND M. J. HALSEY 
Clinical Research Centre, Harrow, Middlesex 


In 1978 we presented preliminary data on non-addinvity of a 
mixture of Althesin and nitrous oxide at pressure (Wardley- 


Smith, Green and Halsey, 1978) which supported some of the . 


predictions of the multi-site expansion hypothesis (Halsey, 
Wardley-Smith and Green, 1978). This paper reports a more 
comprehensive series of experiments to test two aspects of the 
hypothesis: (1) separate sites for different anaesthetics; (2) 
limited occupancy of these sites. 

We used four pairs of anaesthetics: Althesin-nitrous oxide, 
methohexitone-nitrous oxide, thiopentone-propanidid and 





: '50 100 

Total pressure (ATA) 
Era. 1. Pressure reversal data for mixtures of methohexitone 
(MEX) and nitrous oxide (N,O): % of control anaesthetic dose 
required at 1 ATA (AD,,) (vertical axis) with varying total 
pressure in atmospheres absolute (AT'A) (horizontal axis). 
T = Pressure reversal characteristics of each agent alorie 


(Halsey, Wardley-Smith and Green, 1978); —— = results for”. 


three different mixtures. (In each case 25, 50 or 75% of the 
control anaesthetizing dose of N¿O was added; MHX was then 


adjusted until AD,, for the mixture was reached. This was | 


expressed as a percentage of MHX required alone at 1 ATA.) 
@ = “75%” MHX/25% N40; A = “50%” MHX/50% N-O 
= “25%” MHX/75% N,0. ----- = Pressure reversal 
curves calculated assuming simple additivity at both ambient 
and increased pressures. d 
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thiopentone-nitrous oxide. All were studied in 50% mixtures; 
in addition two pairs were also used at 25 and 75% mixtures. 


* The dose of one component of the mixture was kept constant 


throughout the experiment. 

The i.v. agents were infused continuously via cannulated tail 
veins of male Sprague-Dawley rats (300-350 g). Temperature 
was maintained at 37+0.5 °C and heart and respiratory rates 
were measured. Anaesthesia was assessed by noting the 
response to electrical stimulation. Some examples of the 
results are shown in figure 1. The 75% methohexitone 
mixture shows the plateau seen with methohexitone alone, 
whereas the 50 and 25% mixtures do not. This supports both 
the existence of separate receptors for these anaesthetics and a 
maximum occupancy of methohexitone receptors. Similar 
results were obtained with Althesin—nitrous oxide, suggesting 
separate receptors, and a limited occupancy for Althesm. 

Results for thiopentone-propanidid were not significantly 
different from calculations of strict additivity, which supports 
the original prediction of the same receptor for these agents. 
Results for thiopentone-nitrous oxide showed simple addi- 
uvity up to 80 ATA, but became more complex at greater 
pressures. 

All these data support the now commonly accepted view that 
different anaesthetics have separate molecular receptors. They 
also support the more controversial idea that anaesthetic 
receptors have only a limited degree of occupancy. 
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NON-INVASIVE MONITORING OF BREATHING IN 
.PATIENTS BEING WEANED FROM MECHANICAL 
VENTILATION 


R. H. K. MazsH, C. D. HANNING AND I. McA. LEDINGHAM 
Shock Study Group, Western Infirmary, Glasgoto 


A decrease in the breath-to-breath variability of tidal volume 
(VT), and inspiratory (71) and expiratory (TE) duration has 
been noted in patients developing respiratory failure (Askanaze 
et al, 1979). 

This study was undertaken to determine if a similar analysis 
would be of value in monitoring patients being weaned from 
mechanical ventilation (IPPV). Respiratory movements were 


, recorded in eight patients with respiratory failure in a general 


intensive therapy unit using an inductance plethysmograph 
(Hanning, Smith and Ledingham, 1978). The transducer was 
calibrated for cach patient against a dry spirometer or a bag of 
known volume. . 

Spontaneous breathing was recorded immediately after 
cessation of IPPV for periods of approximately 1h or until 
IPPV was recommenced. Continuous clinical assessment of the 
adequacy of spontaneous breathing was made, with intermit- 
tent arterial blood-gas analysis. The maximum inspiratory 
pressure against a closed airway was also recorded. Recordings 
were repcated at intervals during the period of weaning from 
IPPV. Each complete record was inspected and undisturbed 
sequences of 100-400 breath were analysed using a small 
computer to obtain the mean, standard deviation and coefficient 
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of variation of Vr, T1 and Te. These were compared with 
contro] values obtained in five norma) volunteers. 


The results obtained show that breath-to-breath variability ` 


was reduced in the patients compared with the normal. In 
individual patients the variability did not correlate well with 
changes in clinical condition or with the success or failure of 
weaning. 
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DURATION OF ACTION OF LV. ATROPINE AND 
METOCLOPRAMIDE AND THE EFFECTS OF 
THEIR CONSECUTIVE ADMINISTRATION ON 
THE LOWER OESOPHAGEAL SPHINCTER 
PRESSURE i 


B. R. COTTON AND G. SMITH 
Department of Anaesthesia, Uniwersity of Leicester 


Regurgitation of stomach contents is thought to depend in part 
on the barrier pressure (BP) between the lower oesophageal 
sphincter or high pressure zone (HPZ) and the gastric pressure 
(GP) (Cohen and Harris, 1971). It is therefore important to 
define the effects on BP of drugs used by anaesthetists. 

Although the changes produced by atropme and metoclo- 
pramide on the lower oesophageal sphincter have been eluc- 
idated (Brock-Utne et al., 1976), there appears to have been no 
previous study of the duration of action of these drugs, or of the 
effects of the two drugs administered consecutively. 

On three separate occasions, 12 healthy fasted volunteers 
swallowed a 3-mm diameter silastic tube 1n which three sub- 
miniature strain gauge pressure transducers were embedded at 
5, 10 and 15 cm from the tip. GP was recorded and the tube 
withdrawn with a stationary pull-through technique through 
the HPZ until all the transducers were in the oesophagus BP 
between stomach and HPZ was determined. Measurements 
were repeated at specific intervals following the i.v. injection of 
atropine 0.6 mg on the first occasion and metoclopramide 
10 ‘mg on the second occasion. On the third occasion six of the 
volunteers received atropine 0.6 mg, followed 10 min later by 
metoclopramide 10 mg, and the other six were given the two 
drugs in reverse sequence. : 

Atropine decreased BP at 5min from 18.8+1.4 
(mean + SEM) cm H,O to 13.54 1.4 cm H,O (P « 0.01) and 
BP remained significantly less than the control value unul 
recording was discontinued at 60 min. 

Metoclopramide increased BP at 3 min from 16.1: 1.4 to 
21.9+3.0 cm H,O (P<0.05) and a significant increase was 
maintained until recording was discontinued at 40 min. 

The injection of metoclopramide after atropine did not 
increase BP. The injection of atropine after metoclopramide 
resulted in a decrease in BP at 5 min from 27.7044 to 
16.3+ 2.9 cm H,O (P « 0.025), a value significantly lower than 
the original BP of 21.7: 2.8 (P « 0.05). 

These findings demonstrate that the changes in BP following 
the 1 y. injection of atropine or metoclopramide are maintamed 
for at least 60 min and 40 min respectively, and that atropine 
abolishes the increase in BP produced by metoclopramide. 
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ANAESTHETIC EMERGENCY WORK 


E. Major, T. BATES AND T. H. TAYLOR 
Anaesthetics Unit, The London Hospital 


In 1967 an 8-weck survey was performed of the emergency 
workload in three anaesthetic departments: Alder Hey 
Liverpool, Northampton General and The London Hospital 
(Taylor etal., 1969). A 6-week follow-up survey was performed 
at the end of 1978 and the changes noticed at The London 
Hospital are reported here. : 
Detailed records were kept of every request for emergency 
service outside the intensive therapy unit (ITU). Intensive 
therapy service was recorded “out of hours" only. To diminish 
exhaustive form filling, the IITU anaesthenst merely indicated 
if he was working or not for each 15 min of duty. 
Although many administrative changes -had occurred be- 
tween the surveys, the number of on-call anaesthensts had 
remained at five. The time spent on emergencies had increased 
by 147% during the pertod between surveys and in 1978-79 the 
average daily workload was 20.3 h. 
Urgent calls (service within 15 min) accounted for 25% of 
the total service time in 1967, but by 1978—79 these urgent cases 
occupied 47% of the total time. This was mainly a result of the 
enormous increase in intensive therapy. The average time spent 
on intensive therapy in 1978-79 (8.3 h daily) was greater than 
the total daily emergency commitment in 1967 (8.21 h). 
In view of the increased workload from intensive therapy it 
might appear attractive to reserve staff solely for intensive 
therapy and cardiorespiratory arrest calls. In order to de- 
termine the emergency cover required we tested two deploy- 
ment options with the aid of Queuing Theory (Taylor et al., 
1969b) and computer modelling. The two options tested were: 
(1) that an anaesthetist be reserved purely for very urgent cases 
(priority 1 or 2) and that the others on call serve each 
request according to urgency and suitability; 

(2) that all on-call staff be pooled and requests be dealt with 
according to urgency and suitability. 

The survey data were analysed at 10-min intervals to find the 
numbers of cases requiring simultaneous service, A computer 
model based on The London Hospital data was run with the 
system reduced to two queues (high and low priority) under the 
pooled resources policy and twice more to determine staff 
required under the segregated policy. 

Using a system of pooled resources an average of 4.45 
anaesthetists hourly would be required to maintain the service 
standards. With the segregated system this figure would be 


6.75 


In conclusion, there had been an enormous increase in 
emergency workload between surveys (particularly intensive 
therapy). The staffing implications are many, but segregation of 
staff to specific duties would be very expensive of manpower. 
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MYOCARDIAL FUNCTION AND CRITICAL 
CONSTRICTION OF THE LEFT ANTERIOR 
DESCENDING CORONARY ARTERY: PROTECTIVE 
EFFECT OF OXPRENOLOL E 


G. R. Cumo, C. M. FRANCIS, P. Poet, E. LOWENSTEIN*,- 
W. L. DAVIES AND W. A. RYDER 

Nuffield Department of Anaesthetics, The Radcliffe Infirmary, 
Oxford ' 

Halothane and enflurane both produce significant dose- 
dependent depression of giobal and regional myocardial func- 
tion. These effects are magnified when there 1s constriction of 
the left anterior descending (LAD) coronary artery (Cutfield et 
al, 1980; Francis et al., 1980). Beta-adrenoceptor blocking 
drugs have been shown to protect the myocardium against the 
effects of ischaemia (Tomoike et al, 1978). This paper de- 
acribes the effects of oxprenolol in conjunction with enflurane 
anaesthesia and critical constriction of the LAD coronary 
artery. - : 

TABLE I. Comparison, at 3.3% enflurane, of measurements 
obtained before and after oxprenolol, expressed as mean % change 
(+ SEM) from values observed at 1. 1% enflurane. Critical 
constriction of LAD was present m both phases. *P<0. 03; 








n.s. = not significant ; 
` Critical 
constriction 
Critical , plus 
constriction oxprenolol 
LAD segment end- 47.2 (1.1) +4.5 (1.63% ` 
diastolic length o. 
LC segment end- +6.9(1.0)  +43.7(1.0)* 
diastolic length r 
LAD segment total . — 34.5 (3.2) —26.2 (6.5)* 
systolic shortening 
LC segment total —28.1(6.0) " —25.6 (5.9) 
systolic shortening - (os 
Mean arterial . i —41.6 (4.2) | —34.2 (4.1) 
pressure (n.s.) 
LN dP/dt max -57.3 (4.3)  —53.7 (5.3) 
] (n5) 
+ Cardiac output ' — 49.9 (6.1) —40.3 (5.2) 
y 5 (0 (n8) 
Distal LAD coronary —60.3(83) | —55.0(10.1) 
artery blood flow (n.8.) 





* Present address: Department of Ansesthesia, Harvard 
Medical School, Boston, Massachusetts. _ 
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-The responses to increasing concentrations of enflurane in 
oxygen were studied in six dogs premedicated with morphine 
0.3 mg kg"? ir. a three-phase programme. In the first phase 
enflurane conc2ntration was increased in steps of 0.55% from 
1.1% to 3.3% during controlled ventilation. The second phase 
involved the application of critical constriction to the LAD 


. artery and the same sequence of enflurane dose increments. In 


the third phase, oxprenolol 0.3 mg kg^! was given i.v. with 
critical constriction still apphed and the same sequence of 


,enflurane concentrations was followed. 


Measuremerts were made of global cardiac function, (e.c.g., 
aortic, left ventricular and left atrial pressures, aortic and distal 
LAD blood flows, LV dP/dz, stroke volume and aortic blood 
acceleration) and regional myocardial wall motion. Segmental 
wall motion wes measured using ultrasonic length transducers 
implanted at subendocardial level in territory supplied by LAD 
and by the left zircumflex (LC) coronary arteries respectively, 

Critical constriction of LAD artery was applied by means ofa 
micrometer-controlled snare and defined as the maximum 
amount of tightening of the snare compatible with normal wall 
motion and causing abolition of the hyperaemic response to a 
10-s occlusion of the artery. 

Dose-dependent depression of regional and global function 
was observed ir response to enflurane and was found to be more 
pronounced in. he presence of critical constriction of the LAD 
artery. 

After oxprenolol, at 1.1% enflurane, global and regional 
function were not significantly altered, with the exception of 
systolic shortening in the LAD territory (+11%). At 3.3% 
enfiurane, regional function was significantly improved in the 
territory supplied by the LAD artery by comparison with 
values observed before administration of oxprenolol, as shown 

in table I. Thus oxprenolol appears to exert a protective effect 
upon myocard um supplied by a narrowed coronary artery, 
minimizing the depression of function caused by enflurane. 
This effect is associated with a modest but not statistically 
significant improvement 1n overall cardiac function. 
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CORRESPONDENCE 


ANTAGONISM OF KETAMINE BY 4-AMINOPYRIDINE AND 
PHYSOSTIGMINE 


Sir,—We read with interest the paper by Agoston and others 
(1980) demonstrating the ability of 4-aminopyridine to enhance 
the rate of recovery from ketamine-diazepam anaesthesia in 
humans. They suggest that 4-aminopyridine is superior to 
physostigmine 1n reversing ketamine anaesthesia because of 
“the indirect vagotonic action of physostigmine, necessitating 
the addıtional administration of atropine.” 

Ther assumption that physostigmine can reverse ketamine 
anaesthesia is probably incorrect. Figallo and Wingard (1979) 
demonstrated that physostigmine prolonged ketamine-induced 
sleeping time in rats. We have observed this phenomenon 
clinically. The mechanism by which this interaction occurred 18 
unclear. The efficacy of 4-aminopyridine in antagonizing the 
anaesthetic effect of ketamine may be because of antagonistic 
effects on prejunctional acetylcholine release in the c.n.s.— ina 
manner similar to that in motor nerve terminals (Lundh and 
Thesleff, 1977; Amaki, Nagashima and Radnay, 1978). 

.Physostigmine given in low doses to reverse the residual 
drowsiness produced by other anaesthetic agents does not 
always necessitate the administration of atropine. Bidwai and 
others (1979) have shown that the reversal of diazepam- 
induced postanaesthetic somnolence with physostigmine 
1 mgi.v., did not produce significant vagotonic side-effects, 
whereas 2 mg did. : 
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-We appreciated the article by Agoston and colleagues E 
RD on the problem of terminating at will an established , 


ketamine-digzepam anaesthetic by 4-aminopyridine (4-AP). 
We cannot, however, support these authors’ views on pharma- 
cological properties and clinical use of physostigmine. 


Because of its specific anticholinesterase (anu-ChE) action, 
physosngmine will not readily reverse all effects of butyro- 
phenons and diazepines. It might alter the state of conscious- 
ness after the administration of these drugs by the extent to 
which they affect central cholinergic transmission. Any drama- 
tic effect of physostigmine on the effects of diazepam and 
related compounds has virtually been excluded (Dworacek and 
Rupreht, 1979; Garber, Ominsky and Orkin, 1979; Rupreht, 
1980). From more than 2000 administrations of physostigmine 
salicylate during the past 6 years, we have found that a dose of 
0.04 mg kg” ! should be given for optimal central effects. At a 
rate not faster'than 1 mg min”! i.v., there are no vagotonic 
effects. In most patients the heart rate and arterial pressure 
increase as soon as the patient establishes good contact with his 
or her surroundings. We have never needed to give an 
antichohnergic agent. If it was necessary, however, the drug of 
choice is methyl-atropine-bromide (MAB) and not atropine- 
sulphate (AS). The dose-effect curve of the former is highly 
reliable and superior to that of its sulphate congener. When 
central effects of MAB were studied, we could not detect any of 
the well-known effects of atropine on the e.e.g. even when large 
doses of the drug were administered (Rupreht, unpublished 
observation). An alternative anticholinergic agent which will 
hardly affect the central nervous system 18 glycopyrrolate 
(McCubbin et al., 1979). We have not used it routinely because 
it was found to be a potent relaxant of the cardia sphincter 
(Brock-Utne et al., 1978). 

An important point is the administration of 4-AP to a patient 
who has received neostigmine or pyridostigmine to antagonize 
tubocurarine. Preliminary reports (A. B. Bordin, personal 
communication) have warned agamst such a combination 
because of the risk of cholinomimetic synergism. Physo- 
stigmine, on the other hand, has been given safely to many 
patients who have received neostigmine. 

No reliable treatment has been suggested for 4-AP overdose. 
In the case of “pure” inhibitors, physostigmine and galan- 
thamine hydrobromide, it 1s possible to control undesired 
central or peripheral effects using a centrally or peripherally 
active anticholinergic agent. 

J. RUPREHT 
Rotterdam 
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THE POSTERIOR INTERCOSTAL SPACE 


Sir,—Drs Nunn and Slavin (1980) should be congratulated on 
their excellent study of the anatomy of the posterior intercostal 
space. However, we feel that their recommendation that the 
intercostal nerves be injected posteriorly 7 cm from the midline 
may present two problems. First, ın the typical obese patient 
undergoing cholecystectomy the ribs are felt better more 
laterally. Second, there have been reports (Benumof and 
Semenza, 1975; Brodsky and Mark, 1979) of intercostal blocks 
1nserted during operation which have resulted 1n hypotension 
consistent with spinal or extradural spread of the local 
anaesthetic agents. These blocks are generally performed under 
direct vision at the angle of the rib or more medially. 

We therefore recommend (Cronin and Davies 1976) that 
posterior intercostal blocks are performed about 15 cm from 
the midline to minimize the possibility of spinal or extradural 
spread and to ensure that the rib 18 easily felt to reduce the 
chance of pneumothorax. 

K. D. CRONIN 
M. J. DAVES 
Fitzroy, Australa 
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HALOTHANE AND OXYGEN ELECTRODES ^ 
Sir,—It was stated in a recent article that the effect of halothane 
on oxygen mucroelectrodes was reversible only slowly 
(Maekawa, Okuda and McDowall, 1980). However, the 
relanonship between the time constant of the halothane effect 
and that of its reversal 1s unclear. It would be helpful to know 
the nme intervals between exposures in order to qualify the 
term “slowly”. While clarificanon of the reversal time constant 
may be of limited significance in the context of bench-type 
oxygen electrodes, ıt assumes greater importance when trans- 
cutaneous electrodes are considered 
TERENCE D. RAFFERTY 
New Haven, Connecticut, U.S.A. 
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Sir,—It was not our purpose to study the reversal of the effect of 
halothane on the oxygen electrode and therefore we cannot give 
a quantitative reply to Dr Rafferty’s question. 
The high sensitivity to halothane was present again next 
morning, 80 we can confidently state that the halothane effect 
was reversed within 18 h. During the working day there was no 
sign of reversal and some of the tests were separated by 2h 
D. GORDON MCDOWALL 
Y. OKUDA 
T. MAEKAWA 

Leeds 


DOSAGE OF ICI 35 868 


—Roger3 and colleagues (1980), in their preliminary 
investigation of ICI 35 868 1 mg kg”! 1.v., failed to induce 
anaesthesia, contrary to our previous experience (Kay and 
Rolly, 1977). The onset and duration of sleep induced by this 
agent is affected by many factors, including premedication, 
apprehension (which may be increased by extensive 
monitoring), and especially by rate of injection. 

Adam, Glen and Hoyle (1980) showed that, in animals, the 
half-life of the distribution phase of ICI 35 868 1s very short, 
and this has subsequently been confirmed in man. To induce 
sleep, the rate of administration must be rapid enough to 
achieve the brain concentration required in the particular 
patient and circumstances, allowing for extremely rapid re- 
distribution to other parts of the body. Thus, rate of admim- 
straton is almost as important as total dosage, and it seems 
appropriaté to use a much shorter injection time than 30 s for 
clinical use. Even variations in the rate of injection to more than 
30 s can affect the onset and duration of sleep produced by a 
single dose. 

ICI 35 868 1 mg Gw injected over 20 s invariably induced 
sleep in healthy young unpremedicated patients, and ICI 
35868 and methohexitone were equipotent at a dose of 
approximately 1.5mgkg”' (Kay, 1980) It would be 
unfortunate 1f unnecessarily large doses of ICI 35 868 became 
established as a “standard” induchon dose. 

B. Kay 
Manchester 

G. ROLLY 
Ghent, Belgium 
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CORRESPONDENCE 


Sir,—As Dr Kay and Professor Rolly have pointed out, the rate 


of administration is indeed-important when Ana] the time 
taken for any drug to induce anaesthesia, and all anaesthetists 
will be aware of this elementary relationship governing the 
effectiveness of induction agents. The reason that we chose 30 s 
as the delivery time for the drug was that the double-blind 
comparison was with Althesin. To have ignored the recom- 
mended injection rate for that drug—30 s—would have been 
to invite immediate and justifiable criticism. 

Now that a strictly controlled initial study is complete, 
clinical trials of different design and wider scope will determine 
the range of dose and speed of injection with which the drug 
should be given in clinical’ practice. 

i . K. M. ROGERS 
Glasgow 


LUMBAR EXTRADURAL ANALGESIA 
Sir,—With reference to the article (Sharrock, 1979) suggesting 
an anatomical explanation for false positive loss of resistance 
' during lumbar extradural analgesia, the following case may 
interest your readers. 

A distinguished colleague, reured and 75 years of age, 
required extradural anaesthesia for transurethral prostatic 
resection. He was of average body build and in good health. 
With the patient sitting upright, a Tuohy needle was advanced 
to a depth of approximately 4 cm between the spines of L4 and 
L5. On removal of the needle stilette, a brief flow of 2-3 mi of 
clear colourless fluid was observed. Assuming an inadvertant 
spinal tap the extradural needle was reintroduced at 134. 
Loss of resistance occurred again at about 4cm. Twelve 
, millilitre of 0.5% bupivacaine was injected slowly but easily; 
' subsequent attempts to introduce an extradural catheter failed. 

The patient was asked what sensations had been experienced 
during the injection of the local anaesthetics. He replied that he 
had not been aware of the injection and had not experienced any 
sensation of cold in the back and legs. After a 10-min wait to 
observe the results of the local-analgesic injectian, no evidence 
of motor or sensory blockade could be elicited. 

On reattachment of the glass syringe, resistance was again 
felt on advancing the needle 1-2 mm antenorly. Further 
advance of the extradural needle resulted in more definite 
identification of the extradural space at the expected depth of 
about 7 cm, confirmed by easy passage of 3 cm of extradural 
catheter beyond the tip of-the needle. Injection of 0.5% 
bupivacaine 12 ml via the cannula provided excellent analgesia 
and surgery commenced 20 min later. 

On completion of the operation, morphine 2 mg in saline 
10 ml was injected to the space via the catheter. On the 
following day the patient expressed appreciation of the 
analgesia throughout the operation and had experienced ‘no 
pain afterwards. 

Is this an example of false spinal tap? Did the subject possess 
two degenerative cavities or cysts within the interspinous 
ligaments of EES and L3-4, one of which was filled with fluid? 

J. W. DOWNING 
Durban, S. Africa 
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TORSION OF INNER TUBE 


Sir,—A potential hazard of the coaxial breathing system has 
recently been reported by Inglis (1980) where the inner tube 
was twisted and no fresh gas flow was delivered to the patient. 
This problem occurred at least once in this hospital. It was 
recognized and corrected by untwisting the inner tube and 
reassembling the system. The manufacturer of this system has 
not yet found a suitably reinforced tubing which would 
eliminate torsion and thus will not twist. 

I would like to suggest a simpler and much cheaper way of 
overcoming the problem. If the inner tube at the patient end of 
the coaxial system is freed, then whenever there 18 a tendency 
for torsion, it will rotate at 360? and thus will not twist. In this 
simple modification a suitable connection can be made which 
will prevent the inner tube from retracting proximally so that 
re-breathing will not occur. A modification on these lines was 
made by our hospital engineer and 1s in trouble-free use. 

N. H. Naqvi 
Bolton 
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. FLUNITRAZEPAM 


Sir,—I reai with great interest the paper of Dr Dixon and 
associates (198€) on i.v. flunitrazepam and i.v. diazepam in 
conservative dennstry. While many of the points they make are 
well taken, I wish to comment on the problem of arm pain and 
venous thromibophlebitis. They used i.v. flunitrazepam 
0.014 mg/kg body weight in a solution of 0.25 mg ml” ! and 1 
week after treatment, arm pain was reported by 1396 of the 
patients.This finding is in accordance with the report by 
Dundee and associates (1976). We achieved better results using 
the following method of induction with flunitrazepam: 

An i.v. canrula was inserted into a large arm vein. 
Anaesthesia was induced with a single dose of flunitrazepam 
0.015 mg kg ' (elective, premedicated patients) or 
0.03 mg kg"! (emergency, non-premedicated patients), 
diluted with distilled water (0.2 mg mi” !) and given slowly 
over a period of 1 min. Anaesthesia was maintained with 
fentanyl and nitrous oxide in oxygen with neuromuscular 
blockade. All patients were examined on the Ist, 2nd, and 3rd 
days after operation. The investigation was performed on 800 
panents in whom anaesthesia was induced with diluted fluni- 
trazepam and in no case was the occurrence of phlebius, 
thrombophlebitis or arm pain recorded. These results suggest 
that, by using a smaller concentration of flunitrazepam, arm 
pain and thrombophlebitis can be avoided. 

E. VATASHSKY 
Jerusalem 


Ni 
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APPARATUS FAILURE 


Sir, —With reference to Muir and Davidson-Lamb’s letter 
(1980), I have had a similar obstruction of the lumen of a cuffed 
nasotracheal tube made by Warne Surgical Products, but this 
occurred after the anaesthesia had been progressing perfectly 
satisfactorily for approximately 1 h. We do not use non-return 
inflating valves, so this cannot be the cause of this failure. 
C. A. FOSTER 
London 
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TYMPANIC MEMBRANE RUPTURE DURING NITROUS OXIDE 
s ANAESTHESIA 
Sir,—We do not agree with Dr Srivastava that nitrous oxide 
was responsible for rupture of a tympanic membrane during 
anaesthesia as reported in a recent issue (Srivastava, 1980). 
Whilst this could be possible theoretically, some further points 
require clarification. 

It has been shown in normal adults that venting of the middle 
ear during nitrous oxide anaesthesia occurs at pressures 
ranging from 23 to 42 cm H,O, and that the rate of increase of 
pressure with 67% nitrous oxide 1s about 1 cm H,O min ' !, 
venting pressure being achieved at between 30 and 40 min 
(Davis, Moore and Lahiri, 1979). 

The pressure required to rupture a normal tympanic mem- 
brane 13 not, to our knowledge, recorded, but pressure differ- 
ences between the middle ear and external auditory meatus in 
the region of 200 cm H,O will occur whilst swimming at a 
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depth of 2 m or travelling 1n a civil aircraft with a cabin altitude 
of 8000 feet if fenting 18 prevented by malfunction of the 
eustachian tube. Such activity, whilst it may be associated with 
discomfort, is not assosciated with barotrauma in the absence of 
pre-existing ear disease. 

'The fact that the patient was in good health with no past 
history of ear problems or earache would suggest that venting 
would not be impeded, and so such pressure would not be 
achieved. 

Also, the time from onset of nitrous oxide administranon to 
the discovery of blood in the external auditory meatus is of 
significance. One would not expect pressures capable of 
tympanic membrane rupture to be attained for well over 
40 min. 

As alcuronium was given for intubation, the lungs were 
presumably ventilated for a few minutes using a face mask. 
"This, if applied in the presence of respiratory tract obstruction, 
as may result from position or continuing muscle tone, may 
cause an increase of pressure 1n the nasopharynx which would 
force gas along the eustachian tube. 

Whether che pressures attained in the middle ear would be 
sufficient to cause rupture of the tympanic membrane would 
depend upon the force used to squeeze the reservoir bag. 

J. A. CARTER 
F. M. Nora 
Bristol 
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BOOK REVIEWS 


Parenteral and Enteral Nutriton—A Practical Gude. By G. D. 
Phillips and C. L. Odgers. Published (1980) by Finder's 
University, South Australia. Pp. 105; illustrated; indexed. 
Price A$8.75. 


This small monograph of 95 pages, including appendices, 
was developed from notes on “Parenteral Nutrition and Gastric 
Tube Feeding" written 1n 1977 as guidelines for the staff of 
Flinder's Medical Centre. The authors emphasize their inten- 
tion of providing a clear safe practical guide for the “non- 
expert" and accordingly the text is concise and necessarily 
didactic. The subject matter 18 divided into 26 brief chapters, 
some of which are little more than expanded paragraphs, but 
which contain a surprising amount of information supplemen- 
ted by references in areas of controversy. 

The first 10 chapters encompass Perspective, Logistic 
Considerations, Indications and Contra Indicanons, Venous 
Access and Dietary Component Requirements. These are 
followed by chapters on Complications, Monitoring and a more 
contentious section on the Role of the Nurse. Chapters 14-16 
refer to parenteral nutrition in specific disease states and in the 
home and chapters 17-21 describe the pharmacological aspects 
of the preparation of solutions and the problems associated with 
the maintenance of sterility and addinve compatibility. The 
text then concludes with short sections on Protein Sparing 
Techniques, Nutritional Assessment, Paediatrics and Enteral 
Comparisons. . 

While undoubtedly there are points of criticism in the 
recommended techniques—for example catheters should never 
be introduced through needles—and disagreement over some 
aspects of the text, there is still a great deal of valuable practical 
advice offered to the reader. Of particular merit is the emphasis 
on the role of the pharmacist in the asepuc preparation of 
correctly balanced solutions and the concept of the parenteral 
nutrition team. 

Unfortunately, as the book was aumed at Australian readers, 
many of the products mentioned are irrelevant to British 
practice; nevertheless, the fundamental principles remain un- 
changed and for its price 1t remains good value as a basic 
prumer. 

Winfred E. I. Finlay 


Obstetric Clinical Care. Edited by J. S. Crawford, J. B. Weaver 
and R. J. Wilday. Published by Elsevier/North-Holland 
Biomedical Press. Pp. 417; illustrated. Price £32.25. 


This book is a review of the proceedings of the first European 
Congress of Obstetric Ansesthesia and Analgesia which was 
held in Birmingham in September 1979, and does justice to a 
first class meeting. It provides an excellent balance between 
presented material and discussion, which is probably in no 
small way a result of the unusual format of the meeting. 
Following the presentation of three papers, the audience split 
into groups of approximately 30 people under a chairman to 
discuss these papers. Points from these discussions were then 
referred back via the chairmen to the original speakers at the 
end of the seasion. 


The meeting was concerned with the clinical care of mother 
and baby rather than with presentation of recent research. The 
subjects included relief of pain in labour, anaesthesia for 
operative obstetrics, ante-natal care, neonatal resuscitation and 
intensive care of mother and neonate. These topics were 
discussed by enaesthetists and by other specialists—a physio- 
therapist, midwives, obstetricians, paediatricians and an inten- 
sive care physician. The result is an up-to-date review of 
current clinical practice. Indeed, throughout the book the 
mulitdisciplinary nature of the subject and the need for close co- 
operation between disciplines, is stressed. 

The book wes produced relatively quickly, and this may 
account for a number of irritating spelling mistakes and the 
occasional obviaus misprint—“hypertension should be treated 
with ephedrine”. Some of the forms of therapy advocated are 
unlikely to gain favour in this country, for example the use of 
propanidid to relieve pain in the late stages of labour. These 
criticisms are very minor and the editors are to be congratulated 
on producing an up-to-date summary of clinical practice which 
should be in the library of all departments involved with the 
perinatal period. 

M. Morgan 


Obstetric Analgesia and Anaesthesia. Monographs in 
Anaesthesiology No. 7. By G. F. Marx and G. M. Bassell. 
Published 11980) by Elsevier/North-Holland Bio-Medical 
Press. Pp. 415; illustrated; indexed. Price $75.50. 


This book is the latest addition to a group of several texts 
published since 1975 on obstetric analgesia and anaesthesia. Its 
stated aim 18 to provide an overview of this field for all members 
of the obstetric care team, but particularly for obstetric 
anaesthesia residents, registrars and fellows. Twelve of the 
contributors worx in the U.S.A. and six work this side of the 
Atlanuc. Much of the information in the book 1s available in the 
other texts, but chere are differences both in the presentation of 
material and in the selection of references. 

There are 34 pages on the “physiologic considerations of the 
mother” and a further 76 pages concerning uterine, placental 
and neonatal physiology. Normal maternal arterial carbon 
dioxide and oxygen tensions are given as 32-33 torr and 
106-108 torr respectively, quoting “Andersen et al (1969)” in 
the text, but giving “Andersen and Walker (1970)” in the list of 
references at the end of the chapter. Andersen’s blood samples 
were taken after the patients had been resting in the supine 
position for 5 m:n. It would perhaps have been better to have 
quoted the figures of Templeton and Kelman (1976), and 
presented them in relation to gestational age. 

In the part on general anaesthesia for Caesarean section a 
favoured induction procedure was a sequence of ketamine 
0.4-0.5 mg kg” ! followed by thiopentone 2 mg kg” !. The use" 
of the head-up posinon combined with cricoid pressure was 
recommended. 

Inability to intubate the trachea 1s discussed in a 43-line 
section under complications, but 1t 1s not indexed under any of 
the expected headings. The treatment recommended for over- 
coming intubanon difficulty from oedema of the laryngeal 
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mucosa is to select an endotracheal tube 0.5-1 cm smaller in 
diameter! Failure or difficulty with intubation is mentioned 
several times in the chapter dealing with maternal mortality. 
The procedure recommended for an unexpected failure to 
intubate 1s to allow the mother to regain consciousness. A step- 
by-step account of any manoeuvres which might make this 
process a little safer is not outlined. 

An overview ofa large subject will inevitably not nú every 
reader. There may be either a lack of fine detail related to his 
special interest, or a lack of information on specific problems or 
technical procedures considered to be of immediate concern. 
On the other hand, there may be a good account of a technical 
procedure which 18 not normally Lis responsibility. An example 

"of this in the book is an account cf how to obtain a satisfactory 
sample of blood from the fetal scalp. 

Overall, the book is a valuable addition to the literature 
concerned with obstetrics and anaesthesia. It can be recom- 
mended to all anaesthetists who are involved with obstetrics. It 
is a book for reading rather thar, ready reference. 

M. E. Tunstall 
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Obstetric Anaesthesia and Analgesia, 2nd Edition. By Donald 
D Mor. Published by Bailliére Tindall. Pp. 326, 
illustrated; indexed. Price £12.50. 


"This 1s the second edition of a book that first appeared ın 1976. 
The format remains unchanged and retains the excellent 
summary on the modern management of pregnancy and labour 
by M. J. Carty. 

During the 4 years since the appearance of the first edition, 
new and improved methods of measurement have increased our 
knowledge of the effects of many drugs and anaesthetic 
techniques on placental blood flow and the welfare of the fetus 
at birth. This new information has resulted 1n the revision of all 
chapters, some having been extensively re-written. This 
particularly applies to the section on regional analgesia, where 
the advantages of an extradural block to mother and fetus are 
repeatedly stressed, as are the harmful effects of inferior vena 
cava occlusion. The obvious advantages of spinal analgesia for 
such manoeuvres as forceps delivery are pointed out. The 
techniques of performing the various regional blocks are clearly 
described. The chapters on general anaesthesia and selecuon of 
anaesthesia for various obstetric procedures are quite excellent. 
The former presents a balanced view of the requirements and 
problems of any general anaesthetic technique for obstetric 
surgery, while in the latter the arguments for increasing use of 
extradural analgesia for Caesarean section are clearly 
presented, This chapter contains a section on the problems of 
anaesthesia for termination of pregnancy, and also evaluates the 
position of ketamine in obstetrics. The complications 
encountered in obstetric patients, such as pre-eclamptic 
toxaemia, amnionc fluid embolism and bleeding disorders, and 
those of general anaesthesia, for example Mendelson's 
syndrome, and their management are discussed in a separate 
chapter, which also contains an informed discussion on the 
problems and management of the patient with heart disease in 
labour. 

The author has a refreshing style of writing that makes for 
easy reading, and which also no doubt contributes to the fact 
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that this second edition has increased in length by only 33 
pages. The simple hne drawings are clear and informative. 
Each chapter is accompanied by a large number of up-to-date 
references, and there is a very good index. 

Dr Moir states in the preface that the book was written for the 
practising cEnical anaesthetist and examination candidate, but 
he 1s being modest 1n this claim. 'T'he book represents a first 
class summary of the present state of the art and should be ın the 
possession of all anaesthetists concerned in any way with 
Obstetric patients. In addition, it will benefit obstetricians and 
paediatricians and is essential reading for examination 
candidates. The book is surely destined to become a standard 
work on the subject and is highly recommended. 

M. Morgan 


Anaesthesia for Orthopedic Surgery. Edited by H. L. Zauder. 
Published by F. A. Davis Co., Philadelphia. Pp. 229; 
illustrated; indexed. Price $37.50. 


Aspects of anaesthesia for all types of orthopaedic surgery are 
dealt with in this volume, as its title suggests. There are also 
chapters on related topics highly relevant to the anaesthetist, 
such as fat emboliam. Some contributions seem outside the 
scope of the title and might be omitted as they are dealt with 
elsewhere more fully. These include chapters on “Early 
Mobilisaticn of the Severely Injured Panent”, “Massive Blood 
Replacement” and "Haemophilia". 

The text throughout is readable, but tends to be verbose. 
Lack of tabulated summaries also make reading tedious and the 
illustrations could be better. References are plentiful, although 
not entirely up-to-date. There 1s perhaps an over-emphasis on 


'associated medical and .orthopaedic problems with, for ex- 


ample, 22 pages of a 30-page chapter on fractured neck of femur 
devoted to various problems of the elderly (for example cardiac 
disease). However, the section on rheumatoid arthritis in the 
chapter on total hip replacement 18 excellent and most useful. 

The contribution on regional anaesthesia of the limbs from 
Dr Alon P. Winnie 18 refreshing, with many original details of 
technique and a most helpful discussion section. 

In summary, a cautious welcome to this book, which would 
be better if pruned and the presentation improved. 

P. J. McKenme 


Laryngeal Biomechanics. By R. Fink and R. J. Demarest. 
Published by Harvard University Press, Cambridge. Pp. 
134; illustrated; indexed. Price £21.00. 


This book results from co-operation between the ever-versatile 
Professor Fink and Robert Demarest who is Head of the 
Department of Medical Illustration at Columbia University, 
College of Physicians and Surgeons. One would therefore 
expect it to have a high standard of writing and illustration. It 
has. It is, indeed, beautifully produced with very few typo- 
graphical errors and with a ‘wealth of half-tone sketches, 
drawings, diagrams and radiographs. It is a pleasure to handle 
and peruse. 

The publishers’ description is fair and accurate: “In separate 
chapters the authors consider the functions of the larynx—as a 
safeguard for the free passage of air, to protect the airway from 
invasion, as a plug that resists expiration during effort, and as 
the instrument of speech and song... . . The laryngeal tissues are 
seen as folding and unfolding in response to respiratory 
excursion of the trachea, action of the intrinsic and extrinsic 


Mo ae e 
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? 
y 


- laryngeal muscles, the respiratory air current, and the elastic 
recoil of ligaments, membranes and arti capsules.” 
The format of the book is unusual in that each chapter is 
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Nevertheless, many excellent reviews of aspects of neuroanaes- 
thesia are provided and will make rewarding reading for 
clinicians, especially those familiar with neurosurgical anaes- 


made up of two separate parts. The first is a relatively short text -: thesia. 


with many references to illustrations throughout the book. The 
rest consists of the many illustrations which are primarily 
relevant to that particular chapter, but each with such generous 
. captions that this section almost makes a text 1n itself. It would 
- perhaps be appropriate for the clinical anaesthetist to look 
through these illustrations, whereas the person with a true, 
detailed interest in the larynx could settle to the much more 
demanding process of reading and correlanng fully. He would 
become much better informed thereby and also be stimulated 


by comments on such things as the importance of ossification of, 


the thyroid cartilage to the performance of Olympic swimmers, 
and the anatomical reason why a chimpanzee cannot whisper. 


E. A. Cooper 


Anaesthesia and Neurosurgery. By James E. Cottrell and 
Herman Turndoff. Published (1980) by C. V. Mosby, St 
Louis. Pp. 433; illustrated; indexed. Price £32.50. 


Anaesthesia and Neurosurgery is a beautifully presented and 
referenced book in which the editors have succeeded in 
recruiting thirty of the world's leading neurologists, neuro- 
physiologists, neurosurgeons and anaesthetists. Chapters on 
basic physiology cover Cerebral and Spinal Cord Blood Flow, 
Brain Oxygen Consumption and Cerebrospinal Fluid 
"Mechanisms. Although there are places where the reader 18 led 
through the literature at a feverish pace, general common sense 
prevails with clear concluding comments and emphasis on the 
clinical implications. Chapters on Intracranial Pressure Moni- 
toring and Interpretation and Intracranial Pressure Control 
repeat the anatomy and history and generally streas the 
importance of intracranial compliance in contrast to cerebral 
perfusion pressure. Intracranial Pressure Control is dealt with 
im a particularly verbose and unreadable manner and contains 
numerous dubious statements: ““Many herniating patients are 
already hyperventilating and sufficiently hypocarbic so as not to 
‘benefit from passive hyperventilation.” On the use of an 
extradural blood patch: “We have no experience with this 
therapeutic technique and are not enthusiastic about its use for 
theoretical reasons. Blood is a noxious substance, and the 
accidental injection of blood into the subarachnoid space may 
produce a severe inflammatory response.” 

There is an excellent chapter on Neuroradiology, then the 
chapter Anaesthesia for Supratentorial Tumours repeats the 
neurophysiology and loses clarity in a welter of information. 
Posterior Fossa Surgery 1s described with the sitting position as 
frequently used 1n North America. Bruce gives a dogmatic but 
clear exposition of a neurosurgeon’s view of the management of 
severe head injury and Matjasko reviews exhaustively the 
Peripheral Sequelae of Head Injury. 

Barbiturate protection of the brain has a chapter which 
provides no clear clinical advice. Jennett and Karion have 
written realisnc, if depressing, reviews of coma and brain 
death. 

Chapters on Intensive Care, Mechanisms of Injury and 
Treatment of Acute Spinal Cord Trauma, Hypotensive Anaes- 
thesia and Neurophysiologic Evaluation—or more accurately 

, Evoked Potentials—complete the rather Curate’s Egg pattern 
of this book. 
Anaesthesia and Neurosurgery 13 too incomplete to be a 
textbook, as it lacks discussion on several major problems, such 


as hypophysectomy, paediatric neurosurgery and pain therapy. : . 


R. Greenbaum 


The Circulanon in Anaesthesia: Applied Physiology and 
Pharmacology. Edited by C. Prys-Roberts. Published 
(1980) by Blackwell Scientific Publications. Pp. 642, xu, 
illustrated, indexed. Price. £32.50. 


The first anacsthetic death was almost certainly a consequence 
of ventricular fibrillanon following the combination of fear, 


“catecholamines and chloroform. Since then one major role for 


anaesthesia has been to keep the patient alive as well as 
anaesthetized. Disorders of the circulation are common causes 
of problems for the anaesthetist who must have a good 
knowledge of the relevant physiology, pathology, pharma- 
cology and assessment systems if he is to give the best service 
for his patient. In this book Professor Prys-Roberts has drawn 
on his own extensive knowledge and gathered a team of 19 
authors to provide a source book of the applied physiology, 
pharmacology and clinical measurement of the circulation. 
Over half the book is ‘devoted to the applied physiology, 
beginning with a section on the heart. 1 parncularly enjoyed Ty 
Smith's review of myocardial function and anaesthema which 
points out the problems of assessing "contractility". Other 
sections deal with the peripheral circulation, special 


‘circulations to the brain, the kidney, the splanchnic bed and the 


lungs. The effects of ventilation and of anaemia are considered 
in detail. Readers will find the pattern of the physiological 
description followed by a consideration off the effects of 
anaesthetic drugs and techniques easy to follow. 

The second section looks at the pharmacology of the 
circulation, dealing with the adrenergic system, the cholinergic 
system, the effects of inhalation and i.v. anaesthetics and the use 


` of drugs to produce hypotension. These are good reviews, but I 


missed not having specific chapters on the treatment of 
arrhythmias, heart failure and hypertension. 

The final chapters deal with invasive and non-invasive 
measurement of the circulation and with electrical hazards. 
These are useful guides; it would help if more authors of 
scientific papers knew the reliability of their instrumentation. 

Prys-Roberts states that the book is designed to provide the 
medical student, the postgraduate anaesthetist and the 
seasoned veteran with an up-to-date account of the circulation 
in anaesthesia. It will probably be too comprehensive for the 
undergraduate and, because of some omissions, too restricted 
as the sole source of information for the trainee anaesthetist. 
The seasoned veteran will certainly admire the quality of these 
reviews and gain fresh insights into his work. He may algo be led 
to try to fill some of the many gaps in our knowledge of the 
effects of anaesthesia on the circulation. What does become 
apparent is the lack of knowledge we have in so many fields. If 
the veteran feels confused, he has some responsibility to 
provide better information. This book 1s an excellent source 
from which to start as all chapters carry good reference lists. 

As always with this publisher, the book 18 a delight to read. 


“There are two small criticisms: the index is not up to standard 


and the text always refers to epinephrine, not adrenaline. 
Surely, in books produced in the United Kingdom, B.P. names 
are more appropriate. I recommend this volume to all anaes- 
thetists with interests in the circulation. It should be available 
to all postgraduate students in their libraries. 

: John Norman 
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Acupuncture in Medical Practice. By Louse Offendal Wensel. 
Published (1980) by Reston Publishing Company Inc., 
Beston, Virginia, U S A. Pp. 335; Illustrated; indexed. 
Price £10.35. 


Acupuncture is probably not a viable alternative to modern 
anaesthesia for patients undergoing surgery. However, it may 
have a place in the management of chronic illness or intrac- 
table pain which are not responding to more conventional 
measures. Unfortunately, much available literature is based on 
translation of oriental works and steeped in mysticism and folk 
lore This well-produced book is an attempt to redress the 
balance and determine the place of acupuncture in American 
medicine. 

Dr Wensel has had considerable practical experience in this 
field and gives a clear and detailed account of the theory and 
practice of acupuncture, based on tradinonal Chinese medi- 
cine, with classical meridians and specific acupuncture points. 
This 1s followed by a balanced discussion on differences in 
Chinese and Western concepts and an examination of the role 
of this ancient art in current medical practice. Itis refreshing to 
see a lengthy discourse on relevant neurophysiological and 
biochemical mechanisms in the understanding of its known 
analgesic and regulatory effects on various systemic diseases. 
There are numerous, up-to-date references to the literature but 
notable omissions, such as the important review by Nathan 
(1978) on acupuncture analgesia. Dr Wensel comes to the 
conclusion, with which most of us would agree, that acu- 
puncture is comparatively safe and inexpensive, but that its use 
should be confined only to properly invesngated and diagnosed 
chronic disorders for which no other effective remedy 18 
available. This 18 certainly true of chronic pain, but greater 
emphasis could have been placed on the fact that its value 1s 
more as an adjunct than as the sole therapeutic approach. The 
second half of the book, covering more than 100 pages, 18 less 
satisfactory. It describes the acupuncture treatment of specific 
conditions with an uncritical review of its effects in a whole host 
of assorted physical, neurological and psychosomatic disorders. 
The author has wide experience, but 1t is difficult to reconcile 
these claims with her more scientific approach to organized 
clinical research and possible acceptance of the skilled acu- 
puncturist in modern health care. The book ends with a list of 
trite questions, to determine how thoroughly its contents have 
been perused, which 1s more likely to irritate than amuse the 
average British reader! 

Acupuncture 1n Medical Practice 18 well produced with clear 
print and more than 30 detailed drawings of the location of 
specific acupuncture points. Illustrations of needles and equip- 
ment might have been helpful but are not provided. The book 
contains much useful information for anaestheusts in pain 
relief clinics, research workers and others interested in the 
technique and application of acupuncture. 

Mark Mehta 
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Topical Reviets ın Anaesthesia, Vol. 1. Edited by J. Norman 
and J, Whikwam. Published (1980) by John Wright and 
Sons L:d, Bristol. Pp. 271; illustrated; indexed. Price 
£13.50. 


When one is presented with yet another review one 18 always 
tempted to question the need for it. Reviews appear in 
increasing rrumbers and, with such terms as review of reviews 
now appearing, one wonders if there should not be a review 
non-proliferation treaty. However, the law of supply and 
demand presumably indicates that these reviews are purchased 
in a significant number, even if few actually read them. 

Topical Reviews in Anaesthesia, of which this 18 the first 
volume, is, however, one of the best conceived of the reviews 
which have recently become available. It contains four separate 
arucles: on the mechanisms of general anaesthesia (C. D. 
Richards); on the mechanisms of local anaesthesia (B. G. 
Covino); on transfer of drugs across membranes (Felicity 
Reynolds) and on anaesthesia for cardiac surgery (J. M. 
Manners). The first three can broadly be described as being 
concerned with theory and the last with practice. 

In each of the first three reviews the reader will find much: 
material which, although of fundamental importance to the 
theory of anaesthesia, has not yet become generally available in 
the anaesthetic literature. For example, the effect of general 


.anaesthesia on membrane fluidiry has been debated for nearly a 


decade, but this is probably the first ume in which there has 
been a clear and authontative explanation available to the 
practising anaesthetist, Other examples, too, could be given 
from the chapters on local analgesia and the transfer of drugs 
across membranes. 

It ıs no use pretending that the first three chapters are easy 
going. To those whose knowledge of, for example, physical 
chemistry has grown rusty over the years the material will be ` 
understood only with considerable difficulry and close study. 
Nevertheless, just as it has been said that poetry can communi- 
cate without being understood so, too, the average anaesthetist 
will be able to get the gist of the message even if some of the 
argument is difficult to understand. 

The last review 1n this book 1s concerned with the craft of 
anaesthesig—of one of the more exacting of its branches. J. M. 
Manners’ article on anaesthesia for cardiac surgery brings the 
reader up wath a jolt. The abrupt (almost harsh) transition from 
what is largely scientific to what is largely clinical serves to 
emphasize the differences between the two and gives the 
impression, almost, of having been added as a sop to those who 
might find the previous arucles too difficult to understand. This 
18 not to say that the final arucle is not a good one of its kind and 
there 1s, of course, no doubt that it is the chapter ın which the , 
pracusing anaesthetist will find himself most at home. £ 

There 1s an excellent list of references which would certainly 
serve someone who 18 interested ın going more deeply into the 
subjects concerned or even embarking in research into them. 
All in all this is an interesting and sumulating book. 

J. E. Utang 
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LV. AGENTS.AND GUT MOTILITY 


several minutes (7.7+0.6 SEM) and was propa- 
gated to. the jejunum but not the ileum. Thio- 
pentone did not stimulate the antrum nor alter the 
frequency of the basal electrical rhythm (BER) in 
the small intestine (fig. 2). The stimulation was 
abolished when thiopentone was preceded. by 


either atropine 0.05 mgkg ! or pentolinium. 


0.2 mg kg”! (six separate recordings, three dogs) 
(table I). Ketamine 8 mg kg” ' had no effect on the 





Fic. 2. Fast Fourier Frequency Analysis of BER recorded from 
electrodes artached to the duodenum. The BER primary 
frequency is seen to be unchanged (18-19 cycles per min). 


TABLE I. Effect of thiopentone on the frequency of fast spike 

electrical activity recorded from electrodes attached to the 

duodenum. The effect of atropine and pentolinium on fast spike 
activity after inyecnon of thiopentone 1s also shown 


Duration of 
. Spikes per min stimulation | 
. Lv. anaesthetic (+SEM) (min +SEM) 
Thiopentone 92+10 7.740.6 
20 mg kg”' 
Atropine 0.05 mg kg”? 0 - 0 
followed br , i ` : 
thiopentone 
20 mg kg"! 
Pentolinium . "0 0 
0.2 mg kg” ' 
followed by 
thiopentone 
20 mg kg” ' 





resting*interdigestive mechanical or electrical ac- 
tivity, but when thiopentone (six separate re- 
cordings, three dogs) was administered after keta- 
mine, significant (P<0.001) stimulation of 
mechanical and fast spike electrical activity still 
occurred. Minaxolone 2 mg kg ^! also caused sig- 
nificant stimulation. The minaxolone injection 
was followed within 2min by the onset of 
mechanical and fast spike activity (P «0.001) 
(three dogs, five separate recordings) but did not 
alter the BER. The fast spike electrical and 
mechanical activity following minaxolone did not 
occur after injection of atropine 0.05 mg kg” * or 


231 


' pentolinium 0.2 mg kg” ! (three dogs, five separate 


recordings). 
Ee 


» DISCUSSION 


The interdigestive migrating myoelectrical ac- 
tivity consists of a burst of intense electrical spike 


` activity (phase III) which migrates from the 


stomach to the ileum. This activity fades out at the 
ileocaecal junction and is replaced by a further 
burst of activity starting at the stomach. The 
intense activity persists for about 5 min at a single 
recording site and takes 110 min to travel to the 
small intestine (Szurszewski, 1969; Carlson, Bedi 
and Code, 1972). Ata given recording site intense 
activity is preceded by a period of intermittent 
spiking activity (phase IT) and followed by a period 
in which fast spike activity is absent (phase I). 
Therefore, the activity front (phase III) passes the 
duodenal recording site before it arrives at the 
jejunal recording site. Thus, the duodenal record- 


- ing site may exhibit phase I activity and the jejunal 


recording site, simultaneously, phase II activity, 
while between these recording sites lies the phase 
III activity front. 

Thiopentone stimulated intensely the canine 
duodenum and jejunum, but not the antrum or 
ileum when given as a bolus injection. The in- 
tensity of activity was similar to that seen during 


phase III of the migrating myoelectrical complex. 


Stimulation occurred within 2 min. In all the 
experiments the thiopentone was injected at a 
comparable time in the interdigestive cycle, during 
phase I in the duodenum and phase II in the 
jejunum. There was no evidence that thiopentone 
acted differently during the two phases. The 
degree of stimulation was similar at each recording 
site. There was, however, a delay between the 
onset of stimulation such that stimulation occur- 
red initially in the duodenum and was propagated 
to the jejunum (fig. 1). There was no propagation 
to the ileum. The frequency of the duodenal and 
jejunal BER was not altered by thiopentone. 

It has been suggested that thiopentone possesses 
a peripheral parasympathomimetic effect on 
bronchi (Adriani and Rovenstine, 1943), but in the 
intestine, the stimulation was inhibited not only by 
atropine but also by pentolinium, which suggests a 
central effect. Stimulation of intestinal motor 
activity is characteristically parasympathetic, 
whereas inhibition is sympathetic in origin. 


"Therefore, itis of interest that ketamine, which has 


a sympathomimetic action, did not stimulate the 
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INFLUENCE OF SUXAMETHONIUM ON THE POTENCY OF 
ORG NC 45 IN ANAESTHETIZED PATIENTS 


N. Krieg, H. H. L. HENDRICKX AND J. F. CRUL 


SUMMARY 
The non-depolarizing neuromuscular block produced by Org NC45 was potentiated by the previous 


administration of suxamethonium 1 mg kg” 


1, shown by twitch depression of 91.3 +2.4% when the same 


dose of Org NC 45 was administered after recovery from suxamethonium compared with the control 
value of 71 9+6.5%. The recovery index was also prolonged from 8 1+0.3 to 10.4 +1.0min after 
suxamethonium, The dose-response curves for Org NC 45 showed a 1.66 potennation factor for ED sy 
and 1.73 for EDy y, caused by the previous administration of suxamethonium. This interaction is likely to 


occur 1n the plasma 


The influence of depolarizing muscle relaxants on 
the potency and duration of subsequently injected 


non-depolarizing neuromuscular blockers has | 


been reported frequently. Foldes and colleagues 
(1957) observed potentiating effects after suxa- 
methonium infusions on tubocurarine in dogs and 
cats (Foldes et al., 1957). Katz and others (1969) 
and Katz (1971) partly confirmed these findings in 
man. Walts and Dillon (1969) found the opposite 
for tubocurarine and Walts and Rusin (1977) 
reported no significant influence for pancuronium. 
Krieg, Crul and Booij (1980) found such an 
interaction between suxamethonium and the new 
non-depolarizing relaxant Org NC 45. We have 
studied its effect in more detail. 


METHODS 


Twenty-eight healthy female patients undergoing 
laparoscopic sterilization (23) or elective ab- 
dominal surgery (5) gave informed consent for the 
study. The body weights ranged from 48 to 84 kg 
(66+2, mean -- SEM) and the ages from 18 to 
58 yr (38 +2). Premedication consisted of atropine 
0.25 nfg, droperidol 5.0mg and piritramide 
0.15 mg kg ^ ! given i.m. 45 min before induction 
of anaesthesia. 

Induction óf anaesthesia was with thiopentone 
5-6 mgkg ! and fentanyl 0.1—0.2 mg i.v. and 
anaesthesia was maintained with 67% nitrous 
oxide in oxygen. Small incremental doses of fen- 
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tanyl 0.05 mg and thiopentone 25 mg were added 
as needed. The right ulnar nerve was stimulated 
via subcutaneous thin-wall needle electrodes (22 
gauge) near the wrist. A Grass S 88 nerve stimu- 
lator delivered square-wave pulses of 0.2 ms 
duration at 0.1 Hz with supramaximal amplitude. 
Contraction force of the corresponding adductor 
policis muscle was measured using a Statham 
UC 3 force displacement transducer and recorded 


on a polygraph. 


Bolus injection of Org NC 45 

Twenty-three patients were randomly selected 
from the total, and allocated to two groups. After 
induction of anaesthesia, in group I (n = 10) the 
trachea was intubated with the aid of suxame- 
thonium Imgkg™!. After complete recovery 
from the depolarizing block, a bolus of Org 
NC 45 36 ugkg" ! was administered i.v. 

In group II (n= 13) the same dose of Org 
NC 45 was given without suxamethonium and the 
trachea was intubated at maximal twitch depres- 
sion. 

The time from the end of injection to the 
maximum effect (onset), the time to recovery of 
90% of control twitch tension (duration 90), and 
the time of recovery from 25 to 75% of control 
twitch tension (recovery index) were compared in 
both groups. 


Titration of the cumulative dose-response curve 
In the remaining five patients we obtained a 
cumulative dose—response curve of Org NC 45. 
After induction of anaesthesia the trachea was 
intubated under local anaesthesia (lignocaine 10% 
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HEXOBARBITONE DISPOSITION AT DIFFERENT STAGES OF 
INTENSIVE CARE TREATMENT ` 


I. RIETBROCK, G. Lazarus, E. RICHTER AND D. D. BREIMER 


SUMMARY 


The pharmacokinetics of hexobarbitone were investigated in 22 panents in an intensive care unit. The 
results were compared with those obtained in a healthy group for three time periods: 3rd or 4th day (1), 
53th days (TI) and 13—29th days (III) of treatment. Hexobarbitone 7.32 mg per kg of body weight was 
administered by 1.v. infusion 1n 60 min. At the end of the infusion, the mean plasma concentration of 
group I was 71% greater than control group, groups II and III were near to control. In all patients the 
post-infusion concentration-time course of hexobarbitone could be described by two-compartment 
kinetics. The biphasic decrease ın plasma concentration of hexobarbitone was more rapid in groups II and 
III, than in either the control group or in group I. At the beginning of treatment patients generally showed 
an unchanged hexobarbitone half-life, a slightly decreased plasma clearance, a reduction of approximately 
50% of the initial distribution volume (V ,) and a reduction of 44% of the distribution volume at steady 
state. In groups II and III the mean of these values were comparable to control. However, plasma 
clearance had increased by about 87% in group II compared with control, and after 2-3 weeks (group III) 
by about 143%. Correspondingly, half-life was reduced by 45% and 58% respectively. The pharmaco- 
kinetics were not related to change in liver function. The presence of clinical and bacteriological signs of 


septicaemia was closely associated with an enhanced hexobarbitone clearance. 


Duration of stay in hospital and the use of medi- 
cation increase with the severity of the disease 
(Sotaniemi, Ylóstalo and Kauppila, 1974). This is 
especially true for patients in an intensive-care 
unit, with respiratory failure as a result of severe 
trauma, tetanus or postoperative complications 
following major thoracic or abdominal surgery. 
During the period of respiratory support they 
receive a variety of drugs (Sotaniemi and Palva, 
1972; Rietbrock and Richter, 1978). 

How the body handles such drugs during severe 
illness is not understood clearly. Changes in total 
liver cell mass, liver blood flow and individual liver 
cell function, including the activity of the drug- 
metabolizing enzyme systems are important, and 
modify the disposition of multiple drug therapy on 
liver function in these patients. Among the con- 
ventional liver function tests only the y-glutamyl- 
transpeptidase (y-G'T) activity increases in pro- 
portion to the duration of drug treatment 
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(Rietbrock and Richter, 1978). Furthermore, in 
such patients, even in the absence of cardiac 
disease, the size of the liver increases rapidly by an 
average of almost 100% during the Ist week of 
treatment (Rietbrock and Lazarus, 1979). This 
enlargement of the liver is a genuine hypertrophy 
and reflects mainly an increase in cytoplasmic 
volume. The meaning of the alterations in serum 
y-GT and liver growth are open to various inter- 
pretations (Schmidt and Schmidt, 1973; Whitfield 
et al., 1973; Davidson, McIntosh and Ford, 1974; 
Goldberg and Martin, 1975; Hildebrandt et al., 
1975; Rietbrock and Lazarus, 1979). 

The purpose of the present investigation in 
patients with respiratory .disturbances and in an 
intensive care unit was to study the effects of the 
multiple administrations of drugs on the pharma- 
cokinetics of hexobarbitone at different times 
during the period of artificial ventilation. Hexo- 
barbitone is completely metabolized in the liver by 
microsomal enzymes and was chosen, therefore, as 
a model substance. Its pharmacokinetics are not 
influenced by protein binding and it is used widely 
as an indicator of changes in drug metabolizing 
activity (Bush and Weller, 1972). It can be used 
therapeutically in patients during mechanical 
ventilation to maintain sedation. Numerous re- 
ports are available about the changes of hexobarbi- 
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CEREBRAL PROTECTION BY BRAIN RETRACTION + 


PRESSURE MONITORING 


M. S ALBIN, L. BUNEGIN, P. HELSEL, M. BABINSKI, R. B. 
SMITH AND A. MARLIN 

Neuroanesthesia Laboratory and Service, Department of 
Anesthesiology, Umversity of Texas Health Science Center, San 
Antomo, Texas 


Cerebral hypoxia and ischaemia with resulting tissue damage 
can occur during intracranial procedures because of prolonged 
or high pressures, or both, generated by the retractor blade on 
brain (Albin et al., 1977). 

During the past 5 years we have developed instrumentation 
to quantitate the amount of brain retraction pressure (BRP) 
induced on brain and the vanous thresholds necessary to 
produce physiopathological changes. Currently, the retractors 
are fitted within a pressure-sensitive sleeve and placed on brain, 
allowing for the continuous monitoring of BRP. 

In our animal experiments we have noted that the pressure 
threshold for the development of histological changes after 1 h 
of retraction at normotensive arterial pressure was greater than 
20 mm Hg and at induced hypotensive arterial pressure was 
reduced to 10 mm Hg. We have also shown the correlation of 
somatosensory cortically evoked responses (SER) to the de- 
velopment of lesions and to cerebral perfusion pressure (CPP), 
with greater CPP showing a smaller decrease in SER and 
greater resistance to histopathological changes (Bennett et al., 
1977; Albin et al., 1980). During ipsilateral somatosensory 
cortex BRP at 20mmHg for 1h we have also detailed a 
concomitant contralateral distribution of this focal pressure as 
monitored by an increase in cisterna magna pressure. Our 
experimental studies have also indicated a decrease in mean 
hemispheric and cortical blood flow in retracted and contra- 
lateral areas, which was considerably greater under induced 
hypotension than under normotension, and loss of 
autoregulation in the hypotensive group (Bennert et al., 1977). 

We have now monitored BRP 1n more than 50 patients where 


both hand-held and mechanically fixed brain retractors were ' 


used. A tory BRP to 125 mm Hg has been noted in one 
case of -held retraction, and in five of 10 intracranial 
aneurysms carried out under induced hypotension, the BRP 
came close to or momentarily exceeded the CPP. 

The continuous monitoring of BRP and the use of the SER as 
an indication of adequacy of cerebral perfusion can be helpful 
1n protecting the brain from iatrogenic pathology. 
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CORTICAL Ptco, DURING AND AFTER MIDDLE 
CEREBRAL ARTERY OCCLUSION 


J. W. SEVERINGHAUS AND P. J. FEUSTEL 


Department of Anesthesia and the Cardiovascular Research 
Inststute,! University of California School of Medicine, San 
Francisco | 

Occlusion of the circulation to the brain rapidly depletes oxy- 
gen stores and stimulates glycolysis. With lactic acid liberation 
of carbon dioxide from HCO,, the partial pressure of carbon 
dioxide will increase rapidly. Case, Felix and Castellana 
(1980) have reported Pt,,, measurements in excess of 53.2kPa 
after 17 min of myocardial ischaemia. Such high concentrations 
of carbon dioxide might lead to supersaturation and bubble 
formanon contribuung to irrevermbility by increasing ussue 
pressure and blocking capillaries. We attempted to determine if 
a similar increase in Dt, occurs in cerebral cortex following 
middle cerebral artery occlusion (MCAO). Five cats were 
anaesthenzed with halothane-nitrous oxide 0.8%/70%, para- 
lysed and mechanically venulated. Four 25-um, Teflon-coated 
platinum wires were inserted into the cortex for local cortical 
blood flow (1.c.b.f.) measurements by hydrogen clearance. A 
surface Dro, electrode with temperature controlled at 37 °C 
was placed over the Pt electrodes on the suprasylvian gyrus in a 
location where previous experiments with oxygen availability 
and hydrogen flow determinations had shown rapid oxygen 
depletion and maximal flow reductions (Ingvar et al., 1979) 
Control cortical Pt¿y, was 4.99 +0.62 kPa while arterial Pco, 
was 3.96 +0.53 kPa. Pr, following MCAO was found to 
increase within 2 min and increase at a rate of 
2.21 +0.89 kPa min”'. This is similar to the responses 
measured in heart (= 2.21 kPa min” !). Cortical Ptcg, was 
11.89 +2.37 kPa at 8 min after MCAO. A second phase during 
which Pt, increased at a slower rate of 0.33 + 0.24 kPa min” ' 
followed the initial rapid increase. l.c.b.f. was reduced from 
111.1 467.5 ml min” '/100 g to zero with MCAO. In previous 
experiments, in such electrodes oxygen availability decreased 
to near zero within 30 s. In two animals, when MCAO was 
released within 10 mun, Pro, decreased to 4.00 +0.31 kPa 
(arterial Pco,=3.56+0.28 kPa) reflecting a post- 
occlusion hyperaemia (c.b.f. = 311+134 ml min” !/100 g), 
and then returned to normal (4.753+0.86 kPa) over a 
30-min period as c.b.f. decreased to control values 
(134.7 77.9 ml mun” '/100 g). The increase in Ptoy, was un- 
diminished 1n a second MCAO when MCAO was maintained 
for less than 10 min. A subsequent MCAO with pentobarbi- 
tone replacing the halothane resulted in a slower increase in 
Pte, in one animal with no difference in rate of increase in a 
second. In both animals Pty, reached at 5 min was less than the 
previous MCAO with halothane anaesthesia. In all animals 
Ptco, reached a plateau at 14.50 +5.05 kPa, but after sacrifice 
by injection of potassium chloride i.v., Pty, increased further 
at 0.27 +0.20 kPa min” !. At Pty, 14.50 kPa, intracellular pH 
will have decreased by about 0.45 units. Thus, acidosis 
develops at a rapid rate iniually but the increase in Pto, 
appears to be limited by its diffusion to adjacent perfused 
tissue. Pty, of the cortex may provide a more sensitive measure 


' of the volume of ischaemic tissue than oxygen availability. 
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INTERCOSTAL NERVE BLOCK 


This study confirmed that the optimal site to 
block the intercostal nerves is at the afigle of the 
rib, not only because the groove in the rib is 
broadest and deépest at this point, but because the 
fat which accumulates in the thoracic cage of 4 
well-nourished patient lies over the ribs and 
anterior to its groove in this area. Therefore, it 
provides additional protection against pleural 
puncture (fig. 2a). 
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BLOCAGE DU NERF INTERCOSTAL: 
DISSEMINATION DE L’ENCRE DE CHINE 
INJECTEE DANS L’ESPACE INTERCOSTAL 


RESUME 


On a injecté bilátérálement dans l'espace intercostal situé 
entre la 9è et la 10è côte de 14 cadavres, 3 et 5ml d'encre 
de Chine. La dissémination de l'encre a été observée, puis 
on a disséqué l'espace intercostal se trouvant entre les cótes oú 
Pon avait fait l'injecuon, de méme que celui immediatement 
au-dessus et celui immédiatement au dessous L'étude de Nunn 
o 
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et Slavin (1980) d'injecuons similaires sur deux cadavres fait 
ressortir qu'une injection dans un espace intercostal bloquait 
non seulement le nerf intercostal de cet espace, mais aussi au 
moins celui immédiatement au-dessus et celui immédiatement 
au-dessous. Cette étude a permis de vérifier le rapport établ 
précédemment par l'auteur à savoir que le nerf 1ntercostal se 
trouvant dans l'espace intercostal 1njecté est le seul qui soit 
anesthésié, 


INTERCOSTAL-NERVENBLOCKIERUNG. 
AUSBREITUNG VON TUSCHE, DIE DIE IN DIE 
' RIPPENRILLE INJEZIERT WURDE 


ZUSAMMENFASSUNG 


Drei und funf Mulhhter Tusche wurden bilateral in die 
Rippenrillen der 9. und 10, Rippe von 14 Kadavern en- 
gespritzt. Die Ausbreitung der Tusche wurde beobachtet, und 
die Rille der inyezierten Ruppen wurden seziert, ebenso wie die 
darüber und die darunter. Eine von Nunn und Slavin durchge- 
fuhrte Studie (1980) áhnlicher Injektionen in zwei kadaver 
zeigte, dass durch die Injektion emer Rippenrille nicht nur der 
Intércostalnerv dieser Rille, sondern auch der der daruber und 
der darunterliegenden Rille blockiert wurde. Die jetzige Studie 
bestatigte den fruheren Bericht des Autors, demzufolge nur der 
Intercostalnerv in der Costaltille der injezierteú Rippe anas- 
thesiert wird. 


BLOQUEO DEL NERVIO INTERCOSTAL: 
DISPERSIÓN DE LA TINTA CHINA INYECTADA A 
LA FISURA COSTAL DE LA COSTILLA 
SUMARIO 
Se inyectaron bilateralmente tres y cinco mulilitros de tinta 
china en la fisura costal de la novena y décima costillas de 14 
cadáveres Se bbservó la dispersión y se seccionó la fisura costal 
de la costilla inyectada, junto con la inmediata inferior y la 
inmediata superior. El estudio de Nunn y de Slavin en 1980 
sobre inyecciones similares en dos cadáveres indicó que una 
inyección en uns fisura costal bloqueó no sólo el nervio 
intercostal de esa fisura, sino también por lo menos el de la 
inmediata superior y el de la inmediata inferior. El presente 
estudio verificó el informe previo del autor en el que se declara 
que sólo se anestesia el nervio intercostal de la fisura costal 

perteneciente a la costilla inyectada. 
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NON-INVASIVE MEASUREMENT OF CARDIAC OUTPUT DURING 
ANAESTHESIA 


An evaluation of the soluble gas uptake method 


C. P. H. HENEGHAN AND M. A. BRANTHWAITE 


SUMMARY 


A technique for measuring cardiac output which depends on the uptake of an inert soluble gas from the 
lungs has been evaluated during anaesthesia. A respiratory mass spectrometer has been used to follow the 
concentrations of argon and freon-22 during passive rebreathing in anaesthenzed patients before 
cardiopulmonary bypass. Values for cardiac output obtained with this technique are reproducible, but 
lower than those recorded using the direct Fick technique before and after the rebreathing manoeuvre A 
reduction in cardiac output caused by vigorous rebreathing is the most likely explanation for the 
discrepancy and, although serial measurements of oxygen consumption may permit application of a 
correction factor, a method of measurement which causes significant haemodynamic disturbance cannot 


be recommended for widespread use. 


Methods for measuring cardiac output which 
depend upon the uptake of an inhaled, soluble gas 
have been reported by a number of authors 
(Cander and Forster, 1959; Cerretelli et al., 1966; 
Teichmann et al., 1974; Sackner et al., 1975; 
Peterson et al., 1978; Petrini, Peterson and Hyde, 
1978; Severinghaus, Ozanne and Louderbrough, 
1978; Denison, Davies and Brown, 1980); multiple 
breath hold, rebreathing and single breath tech- 
niques have been described. A figure for ac- 
cessible, or effective pulmonary blood flow rather 
than cardiac output is obtained unless the test gas 
reaches all perfused alveoli and, even if this 
requirement is fulfilled, the result will not reflect 
cardiac output immediately before or after the 
manoeuvre if the measurement technique itself 
causes an abrupt haemodynamic change. 

The extent to which these factors limit the value 
of the method as a means of measuring cardiac 
output during anaesthesia and controlled venti- 
lation bës been explored by a comparison with the 
direct Fick technique. 


PATIENTS AND METHODS 


Seven adult patients were studied during elective 
open heart surgery; clinical details are given in 
table I. All measurements were made after median 
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sternotomy, but before cannulation of the heart. 
The lungs were being ventilated with a nitrous 
oxide-oxygen mixture and each patient had re- 
ceived a paralysing dose of pancuronium bromide 
with either papaveretum or fentanyl. 


Inert soluble gas technique 

The patient was disconnected from the anaes- 
thetic circuit and allowed to exhale passively to 
functional residual capacity through a Haldane tap 
open to the atmosphere. The tap was then turned 
to arebreathing bag containing either 1 or 2 litre of 
a mixture of 3.5% freon-22, 10% argon, 35% 
oxygen and 51.5% nitrogen, and the lungs were 
ventilated with this mixture by manual compres- 
sion of the bag six or seven times in approximately 
15-20 s. The concentrations of argon and freon 
were recorded throughout the manoeuvre using a 
Centronic MGA 200 mass spectrometer with 
anaesthetic correction circuits (Davis and Spence, 
1979), and sampling through a fine catheter intro- 
duced into the suction cap on the endotracheal 
tube connector. A digitizer and Prime 300 com- 
puter were used to calculate pulmonary blood flow 
(Salt, Gothard and Branthwaite, 1980). 


Direct Fick techmque 
A series of at least six measurements of oxygen 
consumption was made using the same mass 
spectrometer, a mixing box and two tracer gases 
(Heneghan, Gillbe and Branthwaite, 1981). Dur- 
ing each series, heparinized blood samples were 
© Macmillan Publishers Ltd 1981 
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SUBARACHNOID ANAESTHESIA WITH BUPIVACAINE FOR 
ORTHOPAEDIC PROCEDURES m THE ELDERLY 


| 


s P. J. NIGHTINGALE AND T. MARSTRAND 


SUMMARY " 
The use of a plain 0.5% solution of isobaric bupivacaine for spinal anaesthesia is described in a 
consecutive series of 410 patients undergoing orthopaedic operations on the lower limbs. It gave analgesia 
of sufficient extent, duration and degree in 96.6% of cases for procedures that lasted up to 250 min. The 
most common problem was arterial hypotension which required sympathomumetic therapy in 37.7% of 


patients. 


The use of bupivacaine for subarachnoid (spinal) 
anaesthesia was first reported by Ekblom and 
Widman (1966) and it has been used successfully 
for lower abdominal and lower limb surgery in 
concentrations of 0.5%, 0.75% and 1%, both with 
and without adrenaline (Hengesbach and Matthes, 
1977; Nolte et al., 1977; Lanz, Schellenberg and 
Theiss, 1979; Stratmann et al., 1979). It has a long 
duration of action (Ocker, 1966; Roy, Multani and 
Lala, 1975) although no longer than that of 
amethocaine in spinal anaesthesia (Pflug, Aasheim 
and Beck, 1976; Lanz, Schellenberg and Theiss, 
1979). Unlike amethocaine, it withstands repeated 
autoclaving (Watt, Ross and Atkinson, 1968; 
Martindale, 1977). Previous studies have included 
patients of all ages, but the suitability of intrathecal 
bupivacaine has not been investigated specifically 
in the elderly. This prompted us to undertake a 
trial of 0.596 plain isobaric bupivacaine in such 
patients undergoing orthopaedic procedures. 


METHODS 


Patients over the age of 60 yr who were to undergo 
orthopaedic operations for the treatment of frac- 
tures of the lower limbs in the Surgical Unit of 
Sundby Hospital, Copenhagen, were studied. 
Lumbar sepsis, recent head or spinal injury, 
possible intracranial hypertension, previous 
lumbar surgery and a bleeding tendency or anti- 
coagulant therapy were considered absolute 
contraindications to use of the technique. 
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Immediately before lumbar puncture penta- 
zocine 0-90mg (mean 32mg) and diazepam 
0-20 mg (mean 6 mg) were injected i.v. until the 
patient was lightly sedated. The patient was then 
placed in the lateral position, with the fracture site 
uppermost, and a standard mid-line lumbar punc- 
ture performed at the 3rd or 4th interspace with a 
22-gauge needle. On obtaining clear spinal fluid 
3-4ml of 0.5% plain bupivacaine (Marcain, 
Bofors Nobel-Pharma, Sweden) was injected over 
30s with barbotage. The mean dose was 16.7 mg. 
Once the fracture site was free of pain the patient 
was placed supine. The operating table was hori- 
zontal throughout. 

The time at which the fracture became analgesic 
was recorded and then the upper level of analgesia 
to pin-prick was noted during onset and regression 
of blockade. Arterial pressure (sphygmomano- 
meter) and heart and respiratory rates were 
monitored during the anaesthetic procedure, the 
operation itself and in the recovery room after 
operation. Hypotension was treated with i.v. fluids 
and head-down tilt, plus i.m. or i.v. ephedrine if 
these measures did not prevent a decrease in 
arterial pressure of approximately 25%. When the 
clinical condition permitted, and with the return of 
active toe movements, the patients were returned 
to the surgical ward where they were kept supine 
for 24h. 


RESULTS 


Patients in whom lumbar puncture was unsuccess- 
ful were excluded from the series, leaving 410 
consecutive patients (40.3% male), ranging in age 
between 60 and 94 (mean 76.7) yr, in the study. All 
were in ASA categories I-III. Seventy-seven per 
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CONTROL OF POSTOPERATIVE PAIN BY INTERACTIVE DEMAND 
ANALGESIA 


C. J. HULL AND A. SIBBALD 


SUMMARY . 


A demand analgesia apparatus is described. It communicates with the patient by means of spoken 
messages in any desired language, so that preliminary instruction is unnecessary. Dosage is limited by a 
reduction in respiratory rate, and by a series of electronic fail-safe circuits. Operation of the system is 
illustrated in a series of 10 patients given fentanyl “on demand” for the first 12 h after operation. The 


mean dose rate 0.73 +0.49 ug min” 
of study. 


In the early period after operation a “standard” 
dose of an opiate given i.m. is frequently found to 
be either excessive or ineffective (Stapleton, 
Austin and Mather, 1978). 

` An alternative approach is to give small doses of 
opiate i.v. when the patient decides they are 
necessary. Early attempts to introduce this con- 
cept to clinical practice (Sechzer, 1968, 1971; 
Forrest, Smethurst and Kienitz, 1970; Scott, 
1970; Keeri-Szanto, 1971; Keeri-Szanto and 
Heaman, 1972) showed that satisfactory pain relief 
could be achieved in a large proportion of cases, 
with a high degree of patient acceptance. However, 
the success of the technique depends upon the 
choice of apparatus. These early studies used 
simple devices with few refinements, so that close 
supervision was necessary and patients required a 
clear understanding of the method. 

The “Cardiff Palliator” is more sophisticated 
(Evans et al., 1976), having a number of fail-safe 
systems. The patient is required to press a “call” 
button when in pain, whereupon a motorized 
syringe delivers a preset dose of drug. Each 
successful demand is accompanied by an audible 
“bleep’*from the apparatus. After administration 
of a demand dose of drug, the system remains 
refractory to further demands for a presettable 
period (up to 99 min). Rosen (1977) has shown 
that the method can be effective, but the design has 
some limitations. First, a drowsy patient recover- 
ing from major surgery cannot be relied upon to 
remember what is required of him, so that he may 
not activate the device unless preoperative 
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!.'There was no evidence of cumulation or tolerance during the period 


instruction is reinforced by a nurse or doctor. 
Second, a refractory period may lessen the 
patient’s confidence; he may fear that the machine 
has broken down. Pre-operative instruction may 
heighten anticipation of pain and may increase 
anxiety. In any case, the short-term amnesia which 
often follows major surgery may render 
instruction ineffective. 

A system of interactive demand analgesia has 
been developed, which requires no pre-operative 
instruction and permits dosage whenever desired ` 
(Hull, Sibbald and Johnson, 1979). Whilst de=. 
signed to deliver fentanyl, the apparatus can be 
used with any rapidly acting analgesic suitable for 
i.v. administration. E 


The method is based upon conversational inter- : 
tchec 
apparatus “talks” to the patient in English (or am = 


action between apparatus and patient; 


other language) and the patient signals to the 
apparatus with a press-button. Since the 
machines instructions are self-explanatory, no 
instruction or reinforcement by staff is necessary. 
The spoken messages are intended to give the 
patient constant reassurance that pain relief is 
available when required, so that overdosage in- 
duced by anxiety is unlikely to occur. Confidence 
in any method of analgesia is all important. Not 
only must it be effective,—the patient must believe 
that it is. 


It can be postulated that the patient is likely to ` 


become conditioned to associate the cue (“if you 
are in pain....”), and a positive response (two 
presses) with analgesia. Therefore it follows that 
the patient may obtain a degree of relief from the 
cue—response process itself, thus minimizing the 
requirements for active drug. 
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DEMAND ANALGESIA 


(normally 8 s), the apparatus ceases to give main- 
tenance doses and will refuse to initiatesa new cycle 
until the interval has remained below the threshold 
for 1 min. 

A front panel display informs the clinician as to 
the. elapsed time since switch-on, the total dose 
given, the maintenence dose, the status of the 
pneumograph monitor, and the current position in 
the operational cycle. 

The only adjustment accessible to the clinician 
is the incremental dose, which he can set within the 
range 1-29 ug of fentanyl. The cassette tape bear- 
ing the message is “posted” into the replay unit 
before the system is switched on, so that it is 
possible to select the preferred language (and sex) 
for the patient concerned. If desired, the tape can 
be exchanged for another at any time. 


PRINCIPLE OF OPERATION (fig. 2) 
The tape replay system, dosage pump, fail-safe 
devices and displays are all directly controlled by a 
central logic system. 

The d.c. supply to the auto-reverse stereo tape 
replay unit is controlled electronically so that it can 
be activated by the central logic system. The tape 
is organized so that track A carries both messages 
in sequence, separated by a 15-s pause, repeated 
throughout the track (fig. 3). Track B contains two 
signalling tones. The first tone (1314 Hz) is placed 


Front penel display 
Fic. 2. Functional diagram. The patient is an integral part of a closed-loop control system. 
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immediately before and the second (615 Hz) 
immediately after the second message. The "re: 
versed” tracks are similarly recorded, so that the 
cassette forms a 60-min tape loop. Signals from 
track B are led to tone detection circuits, enabling 
the central logic system to synchronize the tape 
motor precisely. Signals from track A pass through 
a voltage-controlled attenuator before connection 
with the patient's-earphone, so that the logic 
system can allow the patient to hear the second 
message, or not, according to requirement. 

The sequence operates as follows. On receipt of 
a "clock" or “call” signal, the OR gate initiates a 
new cycle. This can only occur if the AND gate is 
not inhibited by the respiratory monitor or the 
“minimum period” (which ensures that 1 min 
elapses between cycles). If the AND gate passes 
the signal, the tape motor is switched on, the audio 
channel enabled, and the patient hears the first 
message followed by 15s silence. In order to 
receive a dose of drug he must press the button 
twice during this period. When the 1314 Hz toneis 
detected, a data register containing the “number of 
presses" is interrogated. A count of two allows the 
audio channel to remain open, the dose is given, 
and the tape runs until the second tone is detected, 
whereupon the tape motor is turned off and the 
audio channel closes. A zero count mutes the audio 
channel so that the patient does not hear the 
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EDITORIAL 


ANTICHOLINERGIC PREMEDICATION AND REGURGITATION 


The use of anticholinergic drugs for premedica- 
tion in adults is controversial. Over the past 
decade, their use has declined: considerably, al- 
though in a recent survey it was found that 62% of 
anaesthetists in Great Britain still routinely pre- 
scribed these drugs (Mirakhur etal., 1978), mainly 
for the stated purpose of reducing secretions, both 
salivary and bronchial. Although anticholinergic 
actions were formerly of great importance, par- 
ticularly when diethyl] ether enjoyed a vogue, the 
use of non-irritant volatile anaesthetic agents, and 
a smooth unhurried approach to induction of 
anaesthesia minimize problems induced by exces- 
sive secretomotor activity. Moreover, it is well 
recognized that the dry mouth and paralysis of 
ocular accommodation produced by atropine are 
very unpleasant for the patient. 

Another claimed advantage for anticholinergic 
premedication is the protection this affords against 
vagal overactivity, although the predominant re- 
sponses of laryngoscopy, intubation and surgery 
are sympathetic in origin rather than parasympa- 
thetic (Prys-Roberts et al., 1971). Hyoscine has 
been promoted for both its antiemetic and amnesic 
Properties, although there are more specific and 
effective drugs available for both purposes. A 
marked disadvantage i is that it may produce rest- 
lessness, especially i in elderly patients. 

There is, however, one situation in which there 
is a good indication for the use of anticholinergic 
drugs before endotracheal intubation: where re- 
peated doses of suxamethonium are used. In the 
1973-75 Confidential Enguiry into Maternal 
Deaths there were two deaths attributed to “mis- 
use of drugs”. In both patients atropine was 
avoided, although in one instance’ tacrine was 
administered in 


combination with suxa- 


methonium, and in the second the relaxant was 


_used in repeated doses. Both patients developed 


bradycardia which progressed to cardiac arrest. 
The major anaesthesia-related cause of maternal 
deaths has consistently been pulmonary aspiration 
consequent upon vomiting or regurgitation. This 
has stimulated interest among anaesthetists in a 
structure termed the lower oesophageal sphincter. 
This is an area at the lower end of the oesophagus 
which is maintained at a higher resting pressure 
than the intragastric pressure. Although it cannot 
be defined anatomically, simple manometry allows 
a description of its length and tone and it is 
generally agreed that the sphincter plays a major 


‘role in preventing gastro-oesophageal reflux 


(Cohen and Harris, 1971). Other mechanisms 


. including the gastro-oesophageal angle, the oeso- 


phago-phrenic ligament and the crura of the 
diaphragm are now thought to play minor roles in 
preventing gastro-oesophageal reflux. It 1s im- 
portant to appreciate that it is not the tone of the 
LOS itself which prevents reflux, but the pres- 
sure difference between the stomach and the 
oesophagus; this is termed the barrier pressure. 
There is enormous variation in barrier pressures 
in normal individuals. Although a correlation 
between gastro—oesophageal reflux and decreased 
barrier pressure has been reported (Haddad, 
1970), there is considerable overlap between bar- 
rier pressures of normal subjects and those of 
patients with reflux. It is not possible, therefore, to 
define a threshold of barrier pressure below which 
reflux would occur in an individual patient. The 
diagnosis of an incompetent sphincter can be made 
only by using a pH electrode in the oesophagus to 
monitor reflux of dilute acid placed in the stomach 
and not by pressure manometry of the lower 


HALOTHANE SOLUBILITY IN THE HORSE 


20, 42 and 43 (Webb and Weaver, 1979b) were 
calculated (table III). 

“Of the non-muscle tissues only liver! and blood 
had significant regression coefficients, whilst all 
muscles, with the exception of triceps had signifi- 
cant regression coefficients. 

Both regression coefficients were found to be 
positive and significant and the log transform 
regression on muscle density is presented in table 
IV. 


DISCUSSION 


If the 95% confidence limits of the horse popu- 
lation are expressed as percentages of the mean 
(table II) and compared with those for dog 
(Steward, Allott and Mapleson, 1975) and for 
rabbit (Mapleson, Allott and Steward, 1972) it can 
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be seen that, with the exception of brain, myocar- 
dium and extensor carpi radialis muscle, the 
confidence limits for the horse’s tissue/gas parti- 
tion coefficients are larger. These differences most 
probably ‘reflect the heterogenous nature of the 
horse sample in comparison to the more homo- 
genous rabbit strain (New Zealand White) and the 
large breed bias of the dog sample (two-thirds were 
Alsatians). It would.be interesting to look at data 
for more diverse sample populations of other 
species to see whether the horse is special in having 
its partition coefficients so affected by factors such 
as body condition, type, age and sex. 

The comparison of the spleens from post- 
mortem room and knackery showed a wider vari- 
ance between spleens from the pestmortem room, 
which may have resulted from the varied degree of 


batween-horses residual mean square (RMS) has a highly significant variance ratio (VR) with respect to the within-horses mean square 
*P <0.05; **P <0.01; ***P <0.001. $ Mean square between levels of factor 


with factorizationt 


Origin 
RMS df.  MS§ df. VRt 
0.0030 29 0.0017 1 0.57 
0.0042 17 0.0187 1 4.46* 
0.0106 — 36 0.0047 1 0.44 
0.0043 33 0.0004 1 0.56 
0.0793 36 0.6863 1 8.65* 
0.0214 36 0.0549 1 2.57 
0.1297 34 02371 1 1.83 
0.0068 33 0.00000 1 0.000 
0.0076 33 0.0563 1 7.40* 


Condition combination factors 
nm A EE ERR ERE OE RS 


Condition x Sex 
RMS df MS df VRi 
0.0711 32 0.2532 5 3.56* 
0.0144 12 0.2194 5 15.21%*x 
00366 16 0.0686 5 1.87 
0.0123 15 0.0238 5 1.94 
00642 16 0.2014 5 3.14* 
0.1008 15 0.3185 5 3.14* 
0.0151 15 0.1088 5 7.19** 
0.0319 17 0.1065. 5 3.34* 
0.0119 15 0.1558 5 13.08*** 


Condition x Type 

RMS d.f MS$ df. VRi 
0.0699 34 0.3881 3 5.55** 
0.0195 14 0.3321 3 17 00*** 
0.0228 18 0.1725 3 7.56** 
0.0101 17 0.0437 3 4.31* 
0.0541 18 0 3535 3 6.54* 
0.0833 17 0.5658 3 6.80** 
0.0234 17 0.1243 3 5.30** 
0.0298 19 0.1692 3 5.68** 
0.0096 17 0.2650 3 27.67*** 
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EDITORIAL 


TOXICITY CAUSED BY LOCAL ANAESTHETIC DRUGS 


Systemic toxicity from local anaesthetic drugs is a 
rare but unpleasant complication of regional 
anaesthesia when moderate to high dosage is used. 
In the main it occurs when the injection is made 
accidentally into a blood vessel. Signs and 
symptoms such as numbness of the tongue, light- 
headedness, visual disturbance and muscular 
twitching give warning of the more serious events 
which may follow, namely convulsions, coma, 
respiratory arrest and cardiovascular depression. 

There is good evidence that, with drugs such as 
lignocaine, there is a wide margin between central 
nervous system toxicity and cardiovascular de- 
pression. Indeed, because the former causes 
apnoea, cardiovascular depression is often 
secondary to hypoxia rather than a primary effect 
of the drug. The minimum lethal dose of lignocaine 
in dogs may be increased four-fold if the lungs are 
ventilated rather than allowed to remain apnoeic 
(Woods and Haggart, 1957). 

Recently this separation of central nervous 
system and cardiovascular toxicity has been 

estioned in regard to the longer acting drugs 
bupivacaine and etidocaine (Albright, 1979). Case 
reports have appeared suggesting that severe 
cardiac depression, often leading to cardiac arrest, 
may occur soon after the appearance of con- 
vulsions. Experimentally, cats have been shown to 
suffer from cardiac arrhythmia during the infusion 
of bupivacaine (de Jong and DeRosa, 1981), an 
odd reaction in view of the anti-arrhythmic 
activity of local anaesthetics and one which does 
not appear to occur in dogs (Jorfeldt et al., 1968) 
and, perhaps more pertinently, in primates 
(Munson, Paul and Embro, 1977). 


Before accepting that cardiovascular depression 
is a direct effect of the injected drug, other factors 
must be considered. It is not sufficiently realized 
how quickly hypoxia can occur in a convulsing 
patient. During a grand mal attack effective 
ventilation ceases and oxygen is used at a very fast 
rate, certainly many times that of the resting 
subject. While there is little evidence of a signifi- 
cant increase in cerebral oxygen consumption 
during convulsions, cerebral and myocardial 
oxygen supply will deteriorate rapidly as the 
contracting muscles use up the meagre oxygen 
reserves. This highlights the urgent necessity of 
stopping convulsions and giving oxygen, the two 
most important procedures in treating toxicity. 
The rapidity with which hypoxia and acidosis may 
occur has been illustrated recently (Moore, 
Crawford and Scurlock, 1980), and central 
nervous system toxicity from local anaesthetics is 
greatly enhanced by acidosis and hypercapnia 
(Engelsson and Matousek, 1975). 

The treatment of convulsions has been an item 
of controversy for some years. Classically, thio- 
pentone was the agent of choice and there is little 
doubt of its ability to stop convulsions quickly in 
moderate doses (150-300 mg). More recently, 
diazepam has achieved popularity as it has been 
shown in animals to be effective in both prevention . 
and treatment of local anaesthetic-induced con- 
vulsions (de Jong, 1978). However, its stated 
advantages over thiopentone in regard to cardio- 
vascular depression ignore two important points. 
First, it is much slower in effect, taking as long as 
2-3 min to control convulsions Ee Balfour 
and Fitzgibbons, 1979), therefor ing assess- 


LUNG UPTAKE OF PROPRANOLOL 


(Nunn, 1980). The reduction in cardiac output in 
the anaesthetized groups may be asgpciated with 
an increase in the transit time through the lungs, so 
that the injected propranolol would be exposed to 
pulmonary endothelium for a longer period. Since 
yptake of the drug is thought to occur in endo- 
thelial cells (Junod, 1975), the increased duration 
of exposure should result in increased uptake. 
However, change in cardiac output is unlikely to 
be the only explanation since no correlation was 
found between propranolol uptake and cardiac 
output in conscious dogs (Pang et al., 1980), 
although the range of cardiac output was less in 
anaesthetized animals used in this study. Also, 
concentration of propranolol by isolated rat lungs 
was enhanced by lignocaine even when conditions 
of perfusion were identical (Dollery and Junod, 
1976). Finally, Street and others (1979) found 
increased tissue concentrations of propranolol in 
. lung and brain when the drug was administered 
i.v. under halothane and nitrous oxide anaesthesia. 
It is attractive to postulate a common mechanism 
of uptake in both organs. 

The accumulation of propranolol in the lung 
may be caused by its high lipid solubility. This is 
supported by a positive correlation between the 
degree of lung uptake and the log partition co- 
efficient of f-adrenoceptor antagonists between 
octanol and buffer (Street et al., 1978). This 
affinity for lipids may be an important factor in 
explaining our results. All the anaesthetic agents 
which have been associated with an increase in 
propranolol uptake—lignocaine, thiopentone, nit- 
rous oxide and halothane—are themselves highly 
lipid-soluble. Therefore, it is possible they may 
interact with the endothelial cell membrane and 
facilitate uptake of the drug. If this hypothesis is 
true, it may explain why propranolol uptake in the 
brain also is enhanced by anaesthetic agents. 
Moreover, the difference observed between 
groups B and C in our experiments may be related 
to the absence of halothane, which is more lipid- 
soluble than nitrous oxide. Alternatively, it is 
possible that fentanyl may affect the uptake 
process. 

Increased propranolol uptake by the lungs of 
animals under general anaesthesia will be as- 
sociated with a smaller arterial concentration after 
i.v. administration of the drug. After withdrawal 
of anaesthetic, the pattern of release of previously 
accumulated drug into the systemic circulation is 
unknown. In man, oral administration of pro- 
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pranolol is associated with reduced lung uptaké of 
an i.v. dose ofghe drug (Geddes et al., 1979). These 
considerations may be of therapeutic relevance in 
anaesthetic practice and the lungs should not be 
overlooked as a potential site for drug interaction. 
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FIXATION DE PROPRANOLOL ACCRUE APRES UN 
PREMIER PASSAGE DANS LES POUMONS DE 
CHIENS ANESTHESIES 


RESUME 


On a étudie sur trois groupes de chiens Labrador la fixation du 
14C-propranolol, aprés un seul passage dans la circulation 
pulmonaire en utilisant une méthode de dilution à double 
indicateur. Le fixation sur les animaux conscients et capables de 
se déplacer a été de 53%. Elle est pass¢e à 81% sur les chiens 
anesthésiés au thiopentone, protoxyde d'azote et halothane, et à 





CARDIAC ARRHYTHMIA IN CHILDREN ` 


RESULTS 


The mean preanaesthetic QT intervals (+SD) 
ranged from 425+39 to 447+37 ms in different 
groups. 

There was no disturbance in the e.c.g. 1 min 
before venepuncture. Table II shows that 
junctional rhythm occurred in 4-16% of the 
children in the adenoidectomy groups. In the 
T+A groups, the frequency of junctional rhythm 
ranged from 11% to 33%. The frequency of upper 
and middle junctional rhythms was similar in each 
group. 


655 
477+14ms. In the children treated with ligno- 
caine the mean pretreatment (+SEM) OT 
interval was 509+24ms and decreased signifi- 
cantly after lignocaine, followed by sinus rhythm 
(437+9.7 ms) (P « 0.05). 

The T wave became biphasic in 15-41% of the 
children anaesthetized with enflurane and in 0-8 95 
anaesthetized with halothane. A typical example of 
T wave becoming biphasic is shown in figure 1. 
The arterial pressure was maintained during all 
types of e.c.g. changes. 


"TABLE II. Frequency (%) of e.c.g. changes during inhalation anaesthesia with M Mtlation in 
different groups. Number of children in parentheses. BBB = bundle branch block. *P «0.03; 
**P<0.01 from the corresponding halothane groups y 


Junctional rhythm 


QRS complex changes 





BBB + aberrant Biphasic 
Upper Middle BBB conduction T-wave 
Halothane 
Adenoidectomy $ 
Thiopentone (20) 5 5 0 10 0 
Althesin (25) 16 16 4 4 8 
T+A 
Thiopentone (27) 30 33 4 11 0 
Enflurane 
Adenoidectomy 
Thiopentone (25) 12 12 0 0 32** 
Althesin (27) 4 T 0 0 41** 
T+A 
Thiopentone (27) 11 15 0 0 15* 





Neither bundle branch block (BBB) nor BBB 
plus aberrant conduction was seen during 
enflurane anaesthesia, whereas the frequency of 
BBB ranged from 0% to 4% and BBB plus 
aberrant conduction was seen in six children in the 
halothane groups. Aberrant conduction was 
e always associated with the surgical manipulation. 
In addition to the results shown in table II, one 
child in the Althesin plus halothane group 
developed BBB with aberrant conduction before 
the start of spontaneous breathing when the end- 
tidal carbon dioxide was 9.5%, but this dis- 
appeared after breathing 100% oxygen. In three 
children BBB and aberrant conduction dis- 
appeared without treatment. In the remaining 
three children, e.c.g. became chaotic and this 
lasted more than 5 min. Administration of ligno- 
caine 1mgkg ' i.v. promptly abolished the 
arrhythmia. The mean duration (+ SEM) of QT 
interval during BBB with aberrant conduction was 


* 


Figure 2 shows that the mean preanaesthetic QT 
interval was significantly longer (4923-22 ms) in 
the children showing BBB plus aberrant con- 


duction than in the children without e.c.g. changes 
(426 5.2 ms) (P<0.01) and in the children with 


junctional rhythm or BBB (43845. 3ms) 
(P « 0.05). Figure 3 shows the e.c.g. changes of a 
healthy 9-yr-old boy undergoing T +A with halo- 
thane anaesthesia. Preanaesthetic QT interval was — 
594 ms. During the dissection of the left tonsil 

there was aberrant conduction with chaotic 
rhythm which resulted in bifocal ventricular ` 
tachycardia. A regular supraventricular rhythm 

was restored after injection of lignocaine 
Imgkg™! i.v. and sinus rhythm followed. This 
boy's QT interval was checked 1 year later after a 
normal school day and it was. 421 ms. Figure da 
shows the e.c.g. changes of a healthy 4-yr-old girl 
undergoing adenoidectomy with, Althesin plus 
halothane anaesthesia. Preanaesthetic QT interval 


CARDIAC ARRHYTHMIA IN CHILDREN 


the presence of respiratory acidosis, hypoxia or 
other causes of sympathetic stimulation such as 
nervousness before operation (Apivor, 1960) or 
surgical manipulation (Alexander, 1971; 
Alexander, Bekheit and Fletcher, 1972). In the 
present study, the concentration of oxygen was 
30% and end-tidal carbon dioxide was 5.5-6%. 
Surgical stimulation may be a factor. This is 
supported by Alexander (1971) who found that 
23% of his patients developed ectopic rhythms in 
response to oral surgery under halothane anaes- 
thesia. Alexander, Bekheit and Fletcher (1972) 
concluded that afferent impulses caused by oral 
surgery may be mediated by trigeminal nerve 
endings and may stimulate nerve centres in the 
medulla where sympathetic impulses reaching the 
heart are initiated. 

The reason for the occurrence of BBB or BBB 
with aberrant conduction during halothane, but 
not enflurane, anaesthesia may be explained by the 
study of Atlee and Rusy (1977) who found that 
enflurane, like halothane (Atlee and Rusy, 1972), 
prolongs A-V nodal but not His-Purkinje and 
ventricular conduction. Atlee and Rusy (1977) 
suggested that re-entry of excitation requires 
slowing of conduction, unidirectional block and a 
pathway for an entrant impulse to reach the 
conduction system before arrival of the next 
normal impulse from above. This may explain 
why, in our study, and in the study of Alexander 
and Murtagh (1979), all the patients who 
developed aberrant conduction also had BBB. 

Alexander (1971) suggested that the origin of 
aberration is supraventricular because lignocaine 
was relatively ineffective in abolishing this 
arrhythmia. In the present study, however, ligno- 
caine abolished aberrant conduction with chaotic 
rhythm in three instances. Since the study reported 
here, lignocaine has proved to be ineffective in two 
%f 10 children with aberrant conduction during 
halothane anaesthesia. In the present study, 
aberrant conduction led to bifocal ventricular 
tachycardia in a 9-yr-old boy. This arrhythmia 
might have been fatal without treatment; Gotta 
and others (1976) have found that aberrant con- 
duction is a precursor of serious cardiac arrhyth- 
mia during halothane anaesthesia for oral surgery. 

The frequency of BBB plus aberrant conduction 
after thiopentone induction was twice that after 
Althesin. The antiarrhythmic effect of Althesin 
was noted by Cundy (1973), Alexander (1974) and 
Saarnivaara and Kentala (1977). 
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QT interval in assocfation with i.v. anaesthetics'and 
suxamethonium 

Prolongation of QT interval may be congenital 
Qervell and Lange-Nielsen, 1957; Romano, 
Genme and Pongiglione, 1963; Ward, 1964) or 
acquired by administration of quinidine, tricyclic 
antidepressants (Schwartz and Wolf, 1978) or 
noradrenaline (Abildskov, 1976). Tricyclic anti- 
depressants cause accumulation of noradrenaline 
at extracellular sites (Carlsson et al., 1969). Pro- 
longation of QT during a hypertensive period has 
been found in patients with phaeochromocytoma 
(Cheng and Bashour, 1976). These results give 
further evidence that, in hE presence of increased 
amounts of catecholamines, QT is prolonged. 
Hypocalcaemia may prolonge QT (Surawicz, 
1964). The children in the present study were 
healthy and in electrolyte balance. 

QT interval was prolonged significantly after 
thiopentone induction and further after suxame- 
thonium given after thiopentone, whereas it 
remained unchanged after Althesin. Suxame- 
thonium given after Althesin did not prolong QT. 
Thiopentone depresses activity in all excitable 
tissues and increases the plasma concentration of 
catecholamines (Goodman and Gilman, 1975). 
Takki and others (1972) could not find an increase 
in the catecholamines in association with intuba- 
tion after thiopentone plus suxamethonium. In the 
present study, the reason for prolongation of QT 
after thiopentone is unexplained. Stimulation of 
sympathetic ganglia may be caused by suxame- 
thonium (Gallindo and Davis, 1962; Stoner and 
Urbach, 1968). Kadis and Gianelly (1973) found 
that thiopentone caused further aberration in 
patients with Wolf-Parkinson-White syndrome 
and Suppan (1979) has anaesthetized a patient 
with this disease using Althesin. Ahnve, Lundman 
and Shoaleh-var (1978) found that the pro- 
longation of QT was a predictor of ventricular 
arrhythmia in acute myocardial infarction. 
Althesin may prevent ventricular arrhythmia or 
aberration by stabilizing the QT interval. 


QT interval in association with QRS complex, 
changes . 

The children with BBB without aberration had a 
normal preanaesthetic QT interval whereas, in 
those showing BBB with aberration, QT was 
significantly prolonged before anaesthesia and 
during the arrhythmia. One child with a preanaes- 
thetic QT of 594 ms developed bifdcal ventricular 


